Digitized  by  the  Internet  Archive 

in  2010  with  fuhdihg  from 
CUNwAUGm ^^^^^^j^.y^^     of  Toronto 


http://www.archive.org/details/journalofhygiene18nutt 


BINDINa  LIST  DEC  ibm-i. 


w        vORi 


THE  JOURNAL  OF   HYGIENE 


CAMBRIDGE  UNIVERSITY  PRESS 

C.  F.  CLAY,  Manager 

LONDON:  FETTER  LANE,  E.C.  4 


H.    K.   LEWIS  &  CO.,   LTD.,    I  36,  GOWER  STREET,  LONDON,  VV.C.  I 

WILLIAM  WESLEY  &  SON,  28,  ESSEX  STREET,  LONDON,  W.C.  2 

CHICAGO:  THE  UNIVERSITY  OF  CHICAGO  PRESS 

BOMBAY,  CALCUTTA,  MADRAS:  MACMILLAN  &  CO.,  LTD. 

TORONTO:  J.   M.  DENT  &  SONS,   LTD. 

TOKYO  :  THE  MAUUZEN-KABUSHIKI-KAISHA 


A II  rights  reserved 


\ 


THE 


JOURNAL  OF  HYGIENE 


EDITED  BY 

GEORGE  H.  F.  NUTTALL,  M.D.,  Ph.D.,  Sc.D.,  F.R.S, 

QUICK  PROFESSOR  OF  BIOLOGY  IN  THE  UNIVERSITY  OF  CAMBRIDGE 
IN  CONJUNCTION  WITH 

JOHN  S.  HALDANE,  M.D.,  LL.D.,  F.R.S. 

LATE  READER  IN  PHYSIOLOGY  IN  THE  UNIVERSITY  OF  OXFORD 

CHARLES  J.  MARTIN,  M.B.,  D.Sc.  F.R.S. 

DIRECTOR  OF  THE  LISTER  INSTITUTE,  LONDON 

J.  C.  G.  LEDINGHAM,  M.B.,  D.Sc. 

BACTERIOLOGIST-IN-CHIEF,  LISTER  INSTITUTE,  LONDON 

G.  S.  GRAHAM-SMITH,  M.D. 

UNIVERSITY  LECTURER  IN  HYGIENE,   CAMBRIDGE 

MAJOR  GREENWOOD,  M.R.C.P.  (Lond.) 

MEDICAL  OFFICER  (MEDICAL  STATISTICS),  MINISTRY  OF  HEALTH 


VOLUME  XVIII.    1919-20    .         ^  g^   ,    g^' 


CAMBRIDGE 

AT  THE  UNIVERSITY  PRESS 
1920 


Mil 


C/O 


^ 


.2- 


CONTENTS 


No.   1  (April) 


l'A(JK 


Orauam-Smi'imi,  (J.  S.    Some  Factors  influencing  the  Actions  of  Dyes 

and  Allied  Compounds  on  Bacteria.    (With  Plate  J  and  0  (.'harts)  1 

BiiowNiNa,  C.  H.  and  Gulbransen,  R.    The  Testing  of  Antiseptics 

in  Rehition  to  their  Use  in  Wound  Treatment  ....         33 

Wood,  Denys  R.  Recent  Advances  in  the  Differentiation  of  Lactose- 
fermenting  (Gas-producing)  Bacilli,  with  special  reference  to  the 
Examination  of  Water  and  Food  Products 46 

Griffith,  A.  Stanley.  The  Cultivation  of  Spirochaeta  icterohae- 
morrhagiae  and  the  Production  of  a  Therapeutic  Anti-spirochaetal 
Serum    ............         59 

Mackie,  T.  J.    The  Atypical  Dysentery  Bacilli 69 

Arkwright,  J.  A.,  Bacot,  A.,  and  Duncan,  F.  Martin.  The  Associa- 
tion of  Rickettsia  with  Trench  Fever.    (With  Plates  II  and  III)  .         76 

Ewart,  R.  J.  The  Influence  of  the  Age  of  Parent  at  Birth  of  Offspring 
upon  the  Development  of  Eye  Colour  and  Intelligence — A  Cor- 
rection ...........         95 

No.  2  (August) 

TuLLOCH,  W.  J.  Report  of  Bacteriological  Investigation  of  Tetanus 
carried  out  on  behalf  of  the  War  Office  Committee  for  the  Study 
of  Tetanus.    (With  7  Diagrams) 103 

Fairley,  N.  Hamilton.  The  Laboratory  Diagnosis  of  Typhus  Fever. 
Further  Observations  on  the  value  and  on  the  significance  of  the 
Weil-Felix  Reaction 203 


No.  3  (October) 

Cleland,  J.  Burton  and  Bradley,  Burton.  Further  Experiments 
in  the  Etiology  of  Dengue  Fever.  (Clinical  notes  by  MacDonald, 
W.)    (With  9  Charts) "      .         .         .217 

Kennaway,  E.  L.  and  Wright,  A.  M.   Two  Instances  of  Human  Sera 

showing  Abnormal  Anti-complementary  Power     ....       255 


vi  Contents 


PAOE 


McLeod,  J.  VV.  Obnervations  on  the  (Ailtivatioii  of  Typhoid  and  Para- 
typhoid Bacilli  from  the  Stools  with  special  reference  to  the 
Brilliant  (Jreen   Knrichment  Method 200 

Eagleton,  a.  J.  The  Bacterial  Content  of  the  Air  in  Army  Sleepinji 
Huts,  with  special  reference  to  the  Meningococcus.  (With  1 
Diagram)       ...........       204 

Cleland,  J.  Burton  and  Campbell,  A.  W.  An  Ex])erimental  Investi- 
gation of  an  Australian  Epidemic  of  Acute  Encephalo- myelitis    .       272 

Dudgeon,  Leonard  8.    On  the  Effects  of  Injections  of  Quinine  into 

the  Tissues  of  Man  and  Animals.    (With  Plate  III)        .         .         .       317 

Shearer,  C,  Studies  on  the  Action  of  Electrolytes  on  Bacteria.  Part  I. 
The  Action  of  Monovalent  and  Divalent  Salts  on  the  Conductivity 
of  Bacterial  Emulsions.    (With  8  Charts) 337 

No.  4  (February) 

HoRT,  Edward  C.    The  Cultivation  of  Aerobic  Bacteria  from  Single 

Cells.    (With  1  Text-figure) 301 

HoRT,  Edward  C.    The  Reproduction  of  Aerobic   Bacteria.    (AVith 

Plates  IV— VII) 309 

Ferguson,  Margaret.   The  Diets  of  Labouring  Class  Families  during 

the  course  of  the  War    .........       409 

Kauntze,  W.  H.   a  Polyvalent  Vaccine  in  the  Treatment  of  Bacillary 

Dysentery  in  East  Africa 417 

Savage,  William  G.    Cats  and  Human  Diphtheria     ....       448 

Cramer,  W.  and  Gye,  W.  E.   A  Note  on  "Defence  Rupture"  and  the 

Action  of  Electrolytes 403 

Nankivell,  a.  T.  and  Stanley,  J.  M.   The  Contamination  of  Oysters. 

(With  1  Chart) 405 

Index  of  Authors 473 

Index  of  Subjects 474 


VoLUiMK  XVI I L  APRIL,  iOlp  No.  1 


SOME  FACTORS  INKLUKNCMNG  THE  ACTIONS  OF  DYES 
AND  ALLIED  COMPOUNDS  ON  BACTERIA i. 

By  G.  S.  GRAHAM-SMITH,  M.D. 

{From  the  Medical  School,  University  of  Cambridge.) 

(With  Plate  I  and  six  charts.) 

The  experiments  recorded  in  this  paper  were  undertaken  in  order  to  ascertain 
the  effects  of  certain  dyes  and  allied  organic  compounds  on  three  selected 
species  of  bacteria,  Staphylococcus  aureus,  B.  coli  and  B.  pyocyaneus.  These 
experiments  show  that  in  cultures  the  results  are  influenced  by  many  factors, 
and  appear  to  suggest  that  the  varying  results  of  the  use  of  these  compounds 
in  the  treatment  of  wounds  may  be  ascribed  to  some  extent  to  the  different 
conditions  prevailing  in  each  case. 

The  chief  organic  substances  examined  were  diaminotrimethylacridinium 
chloride,  termed  for  the  sake  of  brevity,  Homoflavine,  Quinone  and  Crystal 
Violet.  Homoflavine  is  more  easily  prepared  on  a  technical  scale  than  the 
ordinary  acriflavine,  with  which  it  is  homologous,  being  made  from  the  acridine 
produced  from  metatoluylenediamine  by  combination  with  a  methyl  ester; 
both  it  and  Crystal  Violet  have  been  produced  on  a  manufacturing  scale  by 
Messrs  Levinstein,  Ltd,  of  Manchester,  and  pure  material  provided  by  this 
firm  has  been  used  in  the  present  investigation.  The  other  organic  compounds 
named  in  the  table  on  p.  4  have  been  carefully  purified  by  Professor 
W.  J.  Pope;  none  of  the  dye  stuffs  comprised  in  this  list  were  double  com- 
pounds with  metallic  salts  and  their  compositions  are  stated  in  Green's 
Organic  Colouring  Matters. 

During  the  last  few  years  many  investigations  on  the  bactericidal  effects 
of  dyes  have  been  undertaken.  Browning,  Gulbransen,  Kennaway  and 
Thornton  (1917),  Dakin  and  Dunham  (1917),  and  Nicholls  (1917),  employed 
0-7  %  peptone,  Fleming  (1917),  Hewlett  (1917),  Morgan  (1918),  Taylor  (1917) 
and  Wright  (1917)  used  "broth,"  Drummond  and  McNee  (1917)  "glucose 
broth,"  Morgan  (1918)  serum  broth,  Churchman  (1912,  1913),  Churchman 
and  Michael  (1912),  Krumwiede  and  Pratt  (1914)  and  Teague  (1918)  "ordinary 
agar"  and  Browning  and  Gilmour  (1914)  "peptone  water  agar."  Presumably 
all  these  media  contained  the^ usual  quantity  of  peptone.   The  use  of  peptone^ 

^  A  Report  to  the  Medical  Research  Committee,  April  25,  1918. 

-  Browning,  Gulbransen  and  Thornton  ( 1917)  have  shown  that  "for  some  unascertained  reason 
the  bacterial  potency  of  flavine  for  staphylococcus  in  dilute  peptone  water  shows  considerable 
variations  in  an  extended  series  of  experiments." 
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has  been  avoicletl  in  tliese  experiments,  and  consecjuently  the  results  of  tliese 
workers  are  not  strictly  comparable  with  those  quoted  in  this  paper. 

Hrownini,',  Gulbransen,  Kennaway  and  Thornton  (1917),  Fleming  (1917) 
ami  Morgan  (1918)  used  ox  serum,  Dakin  and  Dunham  (1917)  horse  serum, 
and  horse  serum  toi?ether  with  muscle  extract,  and  Hewlett  (1917)  human 
serum.  Blood  was  employed  by  Dakin  and  Duidiam  (1917),  Flemin^^  (1917) 
and  Morgan  (1918),  pus  by  Fleming  (1917)  and  Hewlett  (1917),  and  milk  by 
Hewlett  (1917).  None  of  these  fluids  were  employed  in  the  present  experi- 
ments. 

Varying  results  in  preliminary  experiments  made  it  evident  that  to  obtain 
comparable  results  media  of  simple  and  constant  composition  would  be 
required,  and  that  an  arbitrary  time  limit  would  have  to  be  adopted.  As  a 
Huid  medium  neutral  meat  extract  and  as  a  solid  neutral  meat  extract  agar 
were  chosen  and  the  actions  of  the  compounds  on  the  three  species  of  organisms 
growing  in  the  former  and  on  the  surface  of  the  latter  compared. 

The  meat  extract  was  prepared  from  bullock's  heart  muscle  after  removing 
the  fat,  fascia,  etc.  To  each  100  grms.  of  minced  meat  250  c.c.  of  water  were 
added,  the  fluid  slowly  boiled  for  one  hour,  filtered  through  filter  paper  and 
sterilised  in  the  autoclave.  The  clear  extract  so  obtained  requires  0-08  c.c. 
of  N/10  soda  to  render  it  neutral  to  neutral  red. 

On  this  medium  all  the  organisms  mentioned  grow  very  well. 

Tubes  containing  1  c.c.  of  meat  extract,  0-08  c.c.  of  N/10  soda,  3-5  c.c.  of 
distilled  water  were  prepared  and  sterilised  by  boiling.  When  cool  0*5  c.c.  of 
a  solution  of  the  compound  in  distilled  water  and  lastly  a  drop  of  an  emulsion 
in  sterile  distilled  water  of  the  organism  from  a  24  hour  old  agar  culture 
grown  at  37°  C.  were  added,  and  the  culture  incubated  at  37°  C.  Care  was 
taken  to  make  emulsions  as  uniform  in  numbers  of  bacteria  as  possible,  and 
on  many  occasions  the  organisms  present  in  the  cultures  at  the  beginning  of 
the  experiment  were  estimated  by  means  of  plate  cultures.  The  numbers  in 
most  of  the  experiments  varied  between  4,000  and  2,000  organisms  per  drop. 
The  naked  eye  results  were  noted  after  24  and  48  hours'  incubation  and  to 
confirm  them  subcultures  were  sown  on  agar  plates  with  a  standard  loop 
(0-01  c.c). 

In  order  to  compare  the  results  when  the  organisms  were  grown  on  the 
surface  of  agar  1  c.c.  of  meat  extract,  2  c.c,  of  melted  agar  (2  %  in  distilled 
water),  0-08  c.c.  of  N/10  soda  and  1-5  c.c.  of  distilled  water  were  placed  in 
tubes  and  sterilised  by  boiling.  When  cooled  to  60°  C.  0-5  c.c.  of  a  solution 
of  the  compound  was  added.  After  thorough  mixing  the  contents  of  the  tube 
were  poured  into  Petri  dishes^  and  allowed  to  set.  With  the  aid  of  a  platinum 
loop  three  streaks  of  strong  emulsions  of  the  three  organisms  in  distilled  water 

^  Small  Petri  dishes  divided  according  to  the  method  devised  by  Churchman  (1912)  were 
employed  in  order  to  reduce  the  quantity  of  medium  used  and  to  facilitate  comparison.  Instead  of 
metal  divisions  cardboard  strips,  cemented  to  the  bottoms  and  sides  of  the  dishes  with  water 
agar,  were  utilised. 
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were  made  across  the  surface  of  the  medium.  The  cultures  were  incubated  at 
1)7    (\  and  the  r(\sults  \vcr(»  noted  after  24  and  18  hours'  incubation. 

Table  1  (p.  1)  ^ives  the  results  of  these  experiments  after  48  hours'  incuba- 
tion, a  !  indicatinj^  visible  «^ro\vth  in  the  fluid  medium  or  growth  on  the  agar 
though  only  evidenced  by  the  presence  of  a  single  colony,  and  a  0  the  failure 
of  the  organism  to  grow. 

In  the  agar  series  it  frequently  happened  that  though  no  growth  was 
visible  after  24  hours"  incubation  a  few  or  even  numerous  colonies  were 
found  on  examining  the  plate  after  48  hours'  incubation.  Consequently  the 
results  obtained  after  24  hours'  incubation  differ  considerably  from  those 
obtained  after  48  hours'  incubation  (Plate  I,  figs.  1-20).  Since  in  the  agar 
series  further  incubation  seldom  produces  any  change,  the  time  limit  of 
48  hours  was  chosen,  and  unless  otherwise  stated  the  results  recorded  indicate 
the  findings  under  these  conditions. 

In  (he  fluid  medium  good  growth  may  occur  on  subsequent  days  in  tubes 
which  show  no  evidence  of  growth  in  2  days. 

Table  I,  in  which  the  results  are  tabulated  in  the  order  of  the  action  of  the 
compounds  on  staphylococci  growing  on  the  surface  of  neutral  agar,  shows 
that  (1)  under  these  conditions  the  effects  of  the  compounds  are  not  strictly 
correlated  to  their  chemical  relationship,  (2)  the  substances  most  toxic  to 
staphylococci  have  little  toxicity  to  B.  coli  or  B.  pyocyaneus,  and  (3)  of  the 
three  organisms  B.  pyocyaneus  is  the  most  resistant. 

The  second  part  of  the  table  gives  the  action  of  the  compounds  on  the 
organisms  growing  in  meat  extract,  and  shows  that  (1)  under  these  conditions 
different  values  are  obtained  for  many  of  the  compounds,  (2)  a  different  order 
in  efficiency  is  found,  and  (3)  some  of  the  compounds  exhibit  marked  toxicity 
to  B.  coli  and  to  a  lesser  degree  to  B.  pyocyaneus. 

The  differences  between  the  tables  are  especially  noteworthy  since  agar 
has  no  nutritive  value  and  the  quantity  of  nutrient  material  (meat  extract) 
is  the  same  in  both  series. 

Since  Crystal  Violet  exhibits  the  greatest  toxicity  towards  staphylococci, 
Quinone  the  greatest  toxicity  towards  B.  coli  and  B.  pyocyaneus,  when  growing 
on  agar,  and  homoflavine  the  greatest  toxicity  towards  these  organisms  in 
meat  extract,  these  three  compounds  were  selected  for  further  investigation. 

Homoflavine. 

From  Table  I  it  will  be  seen  that  on  agar  the  toxicity  of  homoflavine 
tow^ards  staphylococci  is  somew^hat  greater  than  that  of  methylhomoflavine 
or  methylhomoacridine,  w^hile  the  toxicity  of  these  three  compounds  towards 
B.  coli  and  B.  pyocyaneus  is  similar.  In  meat  extract  the  toxicity  of  all  three 
towards  staphylococci  is  similar,  but  homoflavine  and  methylhomoflavine 
are  more  toxic  to  B.  coli  and  to  B.  pyocyaneus  than  methylhomoacridine. 
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Table  I. 

Showing  the  least  concentrations  of  the  following  compounds  which  cause 
inhibition  of  grouch  for  48  hours  (ft  37°  C. 


/' 

Neutral  agar 

/■ 

Nei 
staphylo- 

itral meat  extract 

Staphylo- 

B. pyo- 

B.  pyo- 

cocci 

B.  coU 

cyuiiL'UH 

cocci 

B.  <i>n 

iijaneun 

1.  Crystal  violet 

1 

:  3,250,000 

1 

:  10,000 

1 :  10,000 

1 

:  10,000,000 

— 

— 

2.   Brilliant  reel  Rhoduline 

1 

:  1,000,000 

1 

:  1,000 

1:  1,000 

1 

:       500,000 

:   10,000 

7:  1,000 

3.  Irisamine 

1 

:    i>oo,ooo 

1 

:  1,000 

1:  1,000 

1 

:   1,100,000 

1,000 

7:    1,000 

4.  Metaphenylene  Blue  B 

1 

:    200,000 

1 

:  1,000 

1:  1,000 

1 

:     900,000 

:   10,000 

1 :  10,000 

5.  Pyronine  G 

1 

:    150,000 

I 

:   1,000 

1:  1,000 

1 

:       200,000 

:   20,000 

1 :  10,000 

b.  Pararosaniline  hydro- 

chloride 

1 

:       70,000 

1 

:   1,000 

1 

:   1,000 

1 

:       (50,000 

:     1,000 

7:  1,000 

7.  Quinone 

1 

:     70,000 

1 

:  95,000 

1 

:  30,000 

1 

:       60,000 

:  100,000 

1 :  10,000 

8.  Hydroquinone 

1 

:     60,000 

1 

:  40,000 

1 

:  10,000 

1 

:       20,000 

:  20,000 

1 :  10,000 

9.  Safranine  S 

1 

:     50,000 

1 

:  1,000 

7 

:  1,000 

1 

:       70,000 

:  20,000 

7:  1,000 

10,  Acridine  red 

1 

:       50,000 

1 

:  10,000 

1 

:  1,000 

1 

:       30,000 

:     1,000 

1:  1,000 

11.  Isonitrophenol 

1 

:     40,000 

I 

:  20,000 

1 

:  10,000 

1 

:         20,000 

:  20,000 

1 :  10,000 

12.  Chrysoidine  T 

1 

:     20,000 

1 

:  10,000 

1 

:  1,000 

1 

30,000 

:   10,000 

7:  1,000 

13.  Homoflavine 

1 

:       14,000 

1 

:  9,000 

1 

:  1,000 

1 

300,000 

:  250,000 

1 :  30,000 

14.  Methylhomotlavine 

1 

:     10,000 

1 

:  10,000 

1 

:  IMO 

1 

300,000 

:  250,000 

1 :  30,000 

15.  Methylhomoacridinc 

1 

:     10,000 

1 

:  10,000 

1 

:  1,000 

1 

300,000 

:  200,000 

1 :  10,000 

16.  Toluidine  blue  acid 

1 

:     10,000 

1 

:  1,000 

1 

:  1,000 

1 

1,000 

:     1,000 

7:  1,000 

17.  Congo  red  acid 

1 

10,000 

1 

1,000 

1 

1,000 

1 

1,000 

:     1,000 

7:  1,000 

18.  Phosphine  R 

1 

10,000 

1 

1,000 

1 

1,000 

— 

— 

— 

19.  Rhodamine  B 

1 

10,000 

1 

1,000 

1 

1,000 

1: 

10,000 

1 

1,000 

7 

:  1,000 

20.  Rhodamine  S 

1 

10,000 

1 

1,000 

1 

1,000 

1: 

70,000 

1 

1,000 

7 

:   1,000 

21.  Erythrosine 

1 

10,000 

1. 

1,000 

1: 

1,000 

1: 

1,000 

1 

1,000 

7 

:   1,000 

22.  Alizarine  red 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

10,000 

1 

1,000 

7 

:  1,000 

23.  Orange  G 

1. 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1 

1,000 

7 

:  1,000 

24.  Night  blue  basic 

l\ 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1 

1,000 

7 

1,000 

25.  Diamine  blue  3  B 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1. 

1,000 

7 

1,000 

26.  Crystal  scarlet  6  R 

1 

1,000 

1. 

1,000 

1: 

1,000 

1: 

1,000 

1 

1,000 

7 

1,000 

27.  Benzo  blue  6  B  neutral 

1 

1,000 

1. 

1,000 

1: 

1,000 

1: 

1,000 

1 

1,000 

7 

1,000 

28.  Diaminogene  blue  G 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

7 

1,000 

29.  Quinoline  yellow  S 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

7 

1,000 

30.  Acid  violet  G  B 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

7: 

1,000 

31.  Magenta  S 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

7: 

1,000 

32.  Thioflavine  S 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

7: 

1,000 

33.  Tartrazine 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

7: 

1,000 

34.  Trypan  red 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

7: 

1,000 

35.  Trypan  blue 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

7: 

1,000 

36.  Auramine  0 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

7: 

1,000 

37.  Patent  blue 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

7: 

1,000 

38.  Naphthol  green 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

1: 

1,000 

7: 

1,000 

Concentrations  greater  than  1  :  1,000  were  not  tested,  and  the  sign  7  :  1,000  indicates  that 
good  growth  took  place  at  a  concentration  of  1 :  1,000, 

It  will  be  noticed  that  the  influence  on  staphylococci  of  Nos,  2  and  8  is  much  greater  on  agar 
than  in  meat  extract,  of  numbers  10,  11,  16,  17,  and  21  slightly  greater,  while  the  influence  of 
numbers  1,4,  13,  14,  15,  and  20  is  much  greater  in  meat  extract  than  on  agar,  and  of  numbers  3, 
5,  9,  12,  and  22  slightly  greater.  The  influence  of  numbers  6,  7,  and  19,  and  probably  of  numbers 
23-38,  is  similar  in  both  media. 
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The  ('Ijccls  of  rdrifiiKj  ihc  jno portion  of  nutrient  mater ud  and  the 
reaction  of  the  medium. 

Tn  order  to  ascertain  the  effect.s  of  varying'  the  proportion  of  the  nutrient 
material  and  the  reaction  of  the  inediuni  several  series  of  experiments  were 
carried  out  both  in  meat  extract  and  on  meat  extract  a^ar.  In  each  case  the 
total  quantity  of  the  medium  employed  was  5c.c.,  but  the  quantity  of 
nutrient  material  (meat  extract)  varied  between  0-5  c.c.  and  2  c.c.  For 
example  at  neutrality  to  neutral  red  the  meat  extract  series  was  made  up  in 
the  following  manner. 


Meat 
extract 

N/IO  soda 

Distilled 
water 

Solution  of 
hornoflaviiie 

A 

0-5* 

004 

3-96 

0-5 

B 

10 

0-08 

3-42 

0-5 

C 

1-5 

012 

2-88 

0-5 

D 

2-0 

0-16 

2-34 

0-5 

*  In   this  and   other  tables  describing  tlic  composition  of   media  the  hgures  indicate  the 
quantities  of  ingredients  used  in  c.c. 

And  the  agar  series  as  follows. 

Meat  Distilled        Solution  of 

extract         Agar(2o/o)  N/10  soda  water  liomoflavine 

A  0-5  2-0  004  1-96  0-5 

B  1-0  20  008  1-42  0-5 

C  1-5  20  0-12  0-88  0-5 

D  2-0  2-0  016  0-34  0-5 

In  order  to  vary  the  reaction  on  the  alkaline  side  additional  quantities  of 
N/10  soda  (0-1,  0-2,  0-3,  04,  0-5  c.c.)  were  added  beyond  the  neutral  point 
with  a  corresponding  diminution  in  the  amount  of  water.  On  the  acid  side 
either  no  addition  was  made,  or  in  some  cases  N/10  hydrochloric  acid  (0-05, 
0-1  and  0-15  c.c.)  was  added  with  a  corresponding  diminution  in  the  amount 
of  water. 

Thus  in  the  experiments  with  the  fluid  medium  containing  1  c.c.  of  meat 
extract  the  whole  series  was  made  up  in  the  following  manner. 


Meat 
extract 

N/10  soda 

N/io  HCl 

Distilled 
water 

Solution  of 
liomoflavine 

I 

1-0 

— 

01 

3-4 

0-5 

11 

10 

— 

005 

3-45 

0-5 

111 

10 

— 

— '■ 

3-5 

0-5 

IV 

10 

0-08 

— 

3-42 

0-5 

V 

10 

0-18 

— 

3-32 

0-5 

VI 

10 

0-28 

— 

3-2.2 

0-5 

Vll 

10 

0-38 

— 

312 

0-5 

VII 1 

10 

0-48 

— 

3  02 

0-5 

IX 

10 

0-58 

— 

2-92 

0-5 

The  concentration  of  homoHavine  causing  complete  inhibition  of  growth 
during  48  hours'  incubation  at  37°  C.  is  given  in  Table  II  and  Charts  I  and  II. 


6 


Action  o/  Dt/cs  on   Hoctcrla 


Table  11. 

Showing  the  concentration  of  honiojlavine  required  to  cause  coniplete  inhibition  of 
growth  after  48  hours'  incubation  at  37°  C.  on  agar  and  in  meat  extract  of 
different  reactions  and  containing  different  quantities  of  nutrient  material. 


i^uantitj 
of  meat 
extract 

' 

-Agar 

B.  pyo- 

ryancus 

Meat  extract 

guantitv  of  acid 
or  alkali  added 

B.  eoli 

Htaphylo- 
cocci 

B.  coli 

Staphylo- 
cocci 

B.  pyo- 
•ijaneuit 

01  N/10  HCl 

10 

:     1,500 

1 

:     4,000 

1:    500 

— 

200,000 

30,000 

005      „ 

10 

:     1,500 

1 

:     8,000 

1:    500 

150,000 

250,000 

20,000 

No  addition 

05 

:      9,000 

1 

:   is,ooo 

1 :    500 

300,000 

500,000 

40,000 

10 

:      4,500 

1 

:   10,000 

1:    500 

150,000 

300,000 

20,000 

1-5 

:      3,500 

1 

:     9,000 

1 :    500 

100,000 

200,000 

17,000 

20 

008  N/ 10  soda        0-5 

per  c.c.  of  meat  extract*  1  0 

•      2,000 

:   11,000 
:     9,000 

1 

1 
1 

:     0,000 
:  20,000 
:   14,000 

1:    500 

100,000 

150,000 

13,000 

1-5 

8,000 

1 

:   11,000 

— 

018  N/10  soda 

20 
0-5 
10 
1-5 
20 

7,000 
35,000 
12,000 

8,000 
7,000 

1 
1 
1 
1 

1 

:   10,000 
:  30,000 
:   17,000 

15,000 
10,000 

— 

0-28      „ 

0-5 
10 
1-5 
20 

60,000 

20,000 

9,000 

8,000 

1 
1 

1: 
1: 

75,000 
20,000 
15,000 
12,000 

— 

0-38       „ 

0-5 

100,000 

1: 

100,000 

1 :  1,500 

1: 

1,800,000 

1: 

1,800,000 

1: 

110,000 

10 

45,000 

1: 

40,000 

1 :  1,500 

1: 

1,600,000 

] : 

1,400,000 

1: 

70,000 

1-5 

11,000 

1: 

10,000 

1 : 1,500 

1: 

1,100,000 

1: 

1,100,000 

1: 

50,000 

20 

10,000 

1: 

15,000 

1: 1,500 

1: 

1,000,000 

1: 

800,000 

1: 

40,000 

0-48       „ 

0-5 
10 
1-5 

2-0 

290,000 
90,000 
15,000 
14,000 

1: 
1: 
1: 
1: 

300,000 
90,000 
21,000 
21,000 

— 

0-58       „ 

0-5 

300,000 

1: 

320,000 

1: 1,500 

1: 

2,000,000 

1: 

2,000,000 

1: 

130,000 

10 

145,000 

1: 

160,000 

1:1,500 

1: 

LSOO.OOO 

1: 

1,800,000 

1: 

110,000 

1-5 

18,000 

1: 

23,000 

1:1,500 

1: 

1,400,000 

1: 

1,600,000 

1: 

100,000 

20 

17,000 

1: 

26,000 

1 : 1,500 

1: 

1,200,000 

1: 

1,400,000 

1: 

90,000 

*  1  c.c.  of  meat  extract  requires  0-08  c.c.  N/10  soda  to  neutralise  it  to  neutral  red.  In  cultures 
containing  0-5,  1-5  and  2-0  c.c.  of  meat  extract  proportionate  quantities  of  N/10  soda  were  added. 
In  the  alkaline  series  0-1,  0-2,  0-3,  0-4,  0-5  c.c.  of  N/10  soda  were  added  beyond  the  quantities 
sufficient  to  bring  the  reaction  to  neutrality.  For  the  sake  of  lucidity  these  figures  have  been 
omitted  in  Table  II  and  Charts  I,  II  and  III,  only  the  quantities  added  to  cultures  containing  1  c.c. 
being  quoted. 

It  will  be  seen  from  Table  II  and  Charts  I  and  II  that  under  all  conditions 
the  smaller  the  amount  of  nutrient  material  present  the  greater  the  efficiency 
of  the  homoflavine  solution,  and  that  in  regard  to  B.  coli  and  staphylococci 
its  efficiency  is  greatly  increased  by  the  addition  of  small  quantities  of  N/10 
soda.  On  agar  with  the  larger  quantities  of  nutrient  material  the  successive 
increments  of  soda  have  less  effect  than  with  the  smaller  quantities.  In  meat 
extract  cultures  this  phenomenon  is  much  less  marked. 
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CiiAKT  1.  Showing  the  influence  of  the  quantity  of  nutrient  material  and  change  of  reaction 
on  the  concentration  of  homoflavine  necessary  to  cause  inhibition  of  growth  on  agar  during 
48  hours'  incubation  at  37°  C. 
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Chart  II.  Showing  the  influence  of  the  quantity  of  nutrient  material  and  change  of  reaction 
on  the  concentration  of  homoflavine  necessary  to  cause  inhibition  of  growth  in  meat  extract 
during  48  hours'  incubation  at  37°  C. 

0-5  c.c.  meat  extract  — ••  —  ••  1 -5  c.c.  meat  extract 

10c. c.     ,,         ,,  2-Oc.c.     ,,         ,, 
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Chart  III.    Illustrating  the  differences  in  concentrations  of  homoflavine  necessary  to  inhibit 
the  growth  of  staphylococci  and  B.  coli  during  48  hours'  incubation  at  37°  C.  when  gi-owing  on  agar 
and  in  meat  extract,  when  each  tube  contains  1  c.c.  of  nutrient  material. 
//.  coli  staphylococci 
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It  will  be  noticed  that  the  curves  for  B.  colt  and  staphylococci  are  very 
simihxr.  In  this  connection  it  is  of  interest  fo  note  that  these  organisms 
multiply  at  much  the  same  rate  on  meat  extract  (without  the  addition  of 
homofiavine)  as  shown  by  countin^r  the  colonies  on  agar  subcultures  made  at 
different  periods  of  growth.  On  the  other  hand  B.  pyocyaneus  multiplies 
much  more  rapidly. 

The  action  of  homofiavine  on  B.  pyocyaneus  on  agar  is  very  little  influenced 
by  the  addition  of  soda,  and  not  very  greatly  influenced  in  the  meat  extract. 

Chart  III  has  been  constructed  to  bring  out  more  clearly  the  remarkable 
difference  between  the  actions  of  homofiavine  in  agar  and  in  meat  extract 
when  acting  on  B.  coli  and  staphylococci. 

In  order  to  ascertain  whether  the  striking  differences  between  the  in- 
hibiting concentrations  on  agar  and  in  meat  extract  were  due  to  the  prevalence 
of  aerobic  conditions  in  the  agar  plates  and  partial  anaerobic  conditions  in 
the  neutral  meat  extract  tubes,  cultures  were  made  in  aerated  meat  extract 
and  boiled  meat  extract  under  paraffin.  The  results  were  almost  identical. 
The  growth  of  the  staphylococci  was  inhibited  in  each  series  at  a  concentration 
of  1  :  550,000,  of  B,  coli  at  1  :  250,000  and  of  B.  pyocyaneus  of  about  1  :  40,000. 

A  series  of  experiments  were  carried  out  to  ascertain  the  influence  of 
reaction  on  the  growth  of  these  organisms  on  the  media  described  with 
varying  quantities  of  meat  extract,  replacing  the  homofiavine  solution  with 
distilled  water.   The  results  are  given  in  the  following  table. 

Agar  Meat  extract 

Staphylo-  B.  pyu-  Staphylo-  B.pi/o- 

B-  coll  cocci  cijuHCHs  £.  coli  cocci  rijanais 

S  ;^  iJ  ^  ij  V 

K  «  ^  K  X  t? 


S 

0)       -      - 

a 

meat 

S 

a 

ci    r^    in 

o 

C<«      1-1     ip 

b 

*^     -    - 

C^      »-l      lO 

b 

6 

N/10  soda 

2-5    c.c. 



_   _   _ 

—   _   _ 



_ 

_ 

2-25 



+ 

_   _   _ 

20 

+ 

+  +   - 

+  +  + 

1-9 

+ 

+  +   - 

+  +  + 

1-8 

+ 

+  +   - 

+  +  + 

1-7 

+  +  - 

+  +  - 

+  +  + 

- 

+ 

+ 

1-6 

+  +  + 

+  +  + 

+  +  + 

— 

+ 

+ 

1-6 

+  +  + 

+  +  + 

+  +  + 

— 

+ 

+ 

1-4 

+  +  + 

+  +  + 

+  +  + 

+ 

+ 

+ 

N/lOHCl 

01  c.c. 

+  +  + 

+  +  + 

+  +  + 

+ 

+ 

+ 

0125 

+  +  + 

+  +  + 

+  +  + 

+ 

+ 

+ 

0150 

+  +  - 

+  +   - 

+  +  - 

+ 

_ 

+ 

0175 

+  +  - 

+  +   - 

+ 



_ 

_ 

0-2 

+ 

H 

+ 

0-3 



_     _      N 

_   _   _ 

+  =gro\v 

■th  after  48 

hours'  ineubation. 

_  — 

=  no  growth. 

(I.  S.  Graham-Smith  1 1 

This  table  shows  that  the  quantity  of  acid  of  alkali  which  is  necessary  to 
add  ill  ()rd(M-  to  inhibit  (^n'owth  depends  to  some  extent  on  the  quantity  of 
nutrient  nuiterial  present.  Wliile  on  the  alkaline  side  the  range  is  considerable, 
the  range  on  the  acid  side  is  very  snuill,  but  it  may  be  increased  to  some 
extent  by  increasing  t  he  concentration  of  nu^at  extract.  With  2-5  c.c.  of 
meat  extract  growth  of  staphylococci  occurs  in  tin;  lluid  niediuni  when 
()•:)  c.c.  of  N/IO  HCl  is  added,  and  with  5  c.c.  of  meat  extract  when  0-8  c.c.  of 
N/IO  IICI  is  ])ivsent. 

Such  small  (|uantities  of  N/10  soda  as  greatly  influence  the  action  of 
honu)Havine  do  not  of  themselves  appear  to  have  any  influence  on  the  growths, 
when  these  are  compared  with  neutral  controls. 

In  the  case  of  B.  coli  and  B.  fijocijanens  the  organisms  are  very  short, 
rounded  and  almost  coccus-like  when  growing  on  the  acid  medium,  and  very 
long,  thin  and  irregular  when  growing  on  the  higher  concentrations  of  soda. 

The  effect  of  canjimj  the  proportion  of  agar. 
To  determine  whether  the  ([uantity  of  agar  employed  has  any  influence 
on  the  concentration  of  homoflavine  necessary  to  inhibit  the  growth  of  B.  coli 
and  staphylococci,  experiments  with  media  of  the  following  composition  were 

carried  out.  Meat  DisUlled         Solution  of 

extract         Agar  (2%)  N/ 10  soda  water  homoflavine 

A  1-0  1-0  008  2-42  0-5 

B  10  20  008  1-42  0-5 

C  10  30  008  0-42  0-5 

After  48  hours'  incubation  at  37°  C.  it  was  seen  that  different  concen- 
trations of  homoflavine  were  necessary  to  inhibit  growth  in  these  three  media. 

(Jrowth  inhibited  at  a  con- 
centration of 


B.  coli  staphylococci 

^  1 :  14,000  1 :  30,000 

B  1 :  9,000  1 :  14,000 

c  1:  7,000  1:  9,000 

Homoflavine  does  not  seem  to  enter  into  strong  combination  with  the 
agar,  for  if  divided  plates  are  made  according  to  Churchman's  (1912)  method, 
having  a  solution  of  homoflavine  mixed  with  the  agar  on  one  side  and  not 
on  the  other,  and  the  partition  walls  are  removed  immediately  after  the  agar 
has  set,  and  subsequently  emulsions  of  organisms  are  stroked  across  the 
medium  at  right  angles  to  the  dividing  line,  the  plain  medium  becomes 
coloured  for  a  short  distance  beyond  the  dividing  line  and  colonies  at  a  con- 
siderable distance  beyond  the  line  take  up  the  stain  and  become  yellow. 

The  diffusion  of  homoflavine  and  its  consequences  can  be  well  illustrated 
in  another  manner.  Two  parallel  streaks  of  plain  agar  (2  %),  one  broad  and 
the  other  narrow,  are  made  on  the  bottom  of  a  Petri  dish  and  allowed  to  set, 
and  then  medium  of  the  composition  of  B  in  the  experiment  just  quoted  is 
poured  into  the  dish  so  as  to  cover  the  streaks  and  allowed  to  set.  Subsequently 
emulsions  of  B.  coli  and  staphylococci  are  stroked  across  the  plate  at  right 
angles  to  the  agar  streaks.    At  a  concentration  of  1  :  9.000  a  few  colonies  of 
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B.  coli  grow  immediately  over  the  streaks,  hut  not  elsewhere,  thou<^h  when 
the  concentration  decreases  to  1  :  17,000  colonies  appear  wherever  the 
emulsion  was  spread,  but  most  thickly  over  the  streaks.  Similarly  colonies 
of  staphylococci  grow  over  the  broad  streak  only  at  a  concentration  of 
1  :  10,000,  over  both  streaks  at  I  :  14,000  and  wherever  the  emulsion  was 
spread  at  a  concentration  of  1  :  14,000  and  wherever  the  emulsion  was  spread 
at  a  concentration  of  1  :  20,000,  showing  that  the  homoflavine  diffuses  into  the 
plain  agar  streaks,  and  consequently  so  lowers  the  concentration  over  them 
that  the  organisms  can  grow  though  inhibited  elsewhere  (Plate  I,  fig.  21). 

Morphologically  the  B.  coli  from  the  colonies  growing  over  the  streaks  at 
a  concentration  of  1  :  9,000  are  very  long  and  irregular,  but  those  growing 
in  the  same  situation  at  a  concentration  of  1  :  17,000  are  much  shorter  and 
more  normal  in  appearance.  The  change  in  morphology  from  very  long  to 
short  normal  forms  may  be  traced  in  the  divided  plates  just  mentioned 
when  passing  from  the  extremity  of  the  stroke  of  emulsion  on  the  side  con- 
taining the  homoflavine  to  the  opposite  extremity. 

Strong  concentrations  of  homoflavine  (1  :  1,000)  seem  to  cause  the  agar 
to  set  very  firmly  and  to  lessen  the  exudation  of  water  from  it. 

The  effects  of  salt  and  of  "peftone  on  agar  cultures. 

In  order  to  ascertain  the  influence  of  the  presence  of  0-75  %  salt  and  1  % 
peptone  on  agar  cultures  the  following  series  A,  B,  C,  D  of  experiments  were 
carried  out.  ^,  , ,  , . 

There  were  added  in 


The  members  of 

eac 

h 

Series  A 

Series  B 

Series  C 

Series  D 

i 

series  contained 

Dis- 
tilleil 

i 

01 

I 

^  - 

Dis- 
tilled 

Dis- 
tilled 

Dis- 
tilled 

Meat 

N/10 

1 

N/IO 

15"',, 

20  " '„ 

tone  in 

extract 

Agar 

HC'l 

soda 

water 

salt 

water 

peptone 

water 

1 

5"Ai  salt 

water 

1. 

10 

2  0 

0-4 

— 

1() 

0-25 

1-35 

0-25 

1-35 

0-25 

1-35 

2. 

10 

20 

0-3 

— 

1-7 

0-25 

1-45 

0-25 

1-45 

0-25 

1-45 

3.* 

10 

20 

0-2 

— 

1-8 

0-25 

1-55 

0-25 

1-55 

0-25 

1-55 

4. 

10 

20 

01 

— 

1<) 

0-25 

1-65 

0-25 

1-65 

0-25 

1-65 

5. 

10 

20 

— 

— 

20 

0-25 

1-75 

0-25 

1-75 

0-25 

1-75 

6. 

10 

20 

-«- 

10 

10 

0-25 

0-5 

0-25 

0-5 

0-25 

0-5 

7. 

10 

20 

— 

1-5 

0-5 

0-25 

0-25 

0-25 

0-25 

0-25 

0-25 

8. 

10 

20 

— 

1-75 

0-25 

0-25 

00 

0-25 

0  0 

0-25 

00 

9. 

1-0 

20 

— 

0-2  (N) 

1-8 

0-25 

1-55 

0-25 

1-55 

0-25 

1-55 

10. 

10 

20 

— 

0-25  1 

(N) 

1-75 

0-25 

1-5 

0-25 

1-5 

0-25 

1-5 

After  48  hours'  incu 

bation  ; 

at  37 

°  C.  the 

1  results 

;  were  < 

as  follows: 

B. 

Clili 

staphylococci 

B 

■  Piiocyancvs 

Series 

A 

Series 

Series 

A 

B 

C 

"7) 

C 

B      D 

A 

B 

C 

D 

1. 

0 

0 

0 

+ 

0 

0 

0       X 

0 

0 

0 

0 

2. 

0 

0 

X 

+ 

0 

0 

X        + 

0 

0 

0 

0 

3! 

X 

+ 

+ 

+ 

X 

+ 

+       + 

0 

X 

+ 

+ 

4. 

+ 

+ 

+ 

+ 

4- 

+ 

+       + 

+ 

+ 

+ 

+ 

6. 

+ 

+ 

+ 

+ 

+ 

+ 

+       + 

+ 

+ 

+ 

+ 

6. 

+ 

+ 

+ 

+ 

+ 

+ 

+       + 

+ 

+ 

+ 

+ 

7. 

+ 

+ 

+ 

+ 

+ 

+ 

+       + 

+ 

+ 

+ 

+ 

8. 

+ 

+ 

+ 

+ 

+ 

+ 

+       + 

+ 

+ 

+ 

+ 

9. 

•+ 

X 

0 

0 

+ 

+ 

0            X 

+ 

+ 

0 

0 

10. 

+ 

0 

0 

0 

+ 

.L 

0       0 

+ 

0 

0 

0 

+  -good  growth,   x  =: slight  growth,  and  O-no  growth. 
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In  the  case  of  />.  roli  the  presence  of  salt  or  peptone  diminishes  the  range 
of  growth  on  the  alkiiliiie  aide,  and  slightly  increases  it  on  the  acid  side,  but 
the  proscMice  ol"  both  (listiiictly  increases  it  on  the  acid  side.  In  the  case  of 
staphylococcus  the  })resence  of  salt  has  little  effect,  but  peptone  decreases 
the  range  on  the  alkaline  side,  and  the  presence  of  both  increases  the  range 
on  the  acid  side.  In  the  case  of  B.  p,/oci/ancus  the  range  on  the  acid  side  is 
slightly  increased  and  on  the  alkaline  side  distinctly  decreased  by  both  salt 
and  peptone  alone  or  combined. 

The  action  of  homoflavine  on  cultures  of  various  ages. 

Cultures  were  grown  on  meat  extract  1  c.c,  N/10  soda  0-08  c.c,  water  3-5  c.c. 
for  one,  three  and  ten  days  respectively.  At  the  expiration  of  these  periods 
0-5  c.c.  of  a  solution  of  hcfmoflavine  was  added,  and  the  tubes  returned  to 
the  incubator.  After  one,  two  and  eight  days'  incubation  a  loopful  from  each 
tube  was  sown  on  agar,  and  the  result  recorded  after  two  days  at  37°  C. 


Cultures  24  hours  old 


Concentra- 
tion of  lionio-  ^ 

ttavine  for 

Ji.  rnii  and 
stapliylococci        B.  coli 

1:    50,000  0 

1 :  100,000    numerous 

1 :  150,000 

1 :  200,000 

1 :  250,000 


After  24  hours'  contact 
witli  homoflavine 


Concentra- 

Staphylo-     tion  for  B. 

cocci        pyocyaneus 


0 
many 
numerous 


550 

750 
1,000 


B.  pyo- 
cyaneus 

0 

0 

0 


2,000    numerous 


After  48  hours'  contact 
witli  lionioflavine 


B.  coli 

0 
many 


Staphylo-     B.  pyo- 
cocci       cyaneus 


1 :  10,000 


numerous 


0 
0 
0 

few 
numerous 


After  8  days'  contact 
with  homoflavine 


Staphylo 
B.  roll        cocci 


few 
numerous 


B.  pyo- 
cyaneus 

0 

0 

0 

0 

numerous 


Concentra-  ^  — — 

tion  for 
B.  coli  and 
staphylococci       B.  coli 

1 :    50,000    numerous 

1 :  100,000 


After  24  hours'  contact 
with  homoflavine 

A, 


Staphylo- 
cocci 

few 


1  :  150,000 

1 :  200,000 

1 :  250,000 


numerous 


Concentra- 
tion for  B. 

pyocyaneus 

1 
1 


Cultures  three  days  old 

. . . A 


550 

750 

1,000 

2,000 

10,000 


B.  pfio- 
cyancus 

0 

0 

few 


After  48  hours'  contact 
with  homoflavine 


B.  coli 

0 

few 


Staphylo-    B.  pyo- 
cocci       cyaneus 


many         many 


0 

0 

0 

0 

few 


0 
0 
0 
0 
few 


After  8  days'  contact 
with  homoflavine 


Staphylo- 
B.  coli       cocci 


0 
numerous 


B.  pyo- 
cyanexut 

0 
0 
0 
0 
0 


Cultures  10  days  old 


Concentra- 
tion for 
B.  coli  and 
staphylococci 

1  :  50,000 

1 :  100,000 

1  :  150,000 

1 :  200,000 

1 :  250,000 


After  24  hours'  contact  with 
homoflavine 


B.  coli 

few 
numerous 


Staphylo- 
cocci 

0 

0 

0 

few 


Concentra- 
tion for  B. 
pyocyaneus 


550 

750 

1,000 

2,000 

10,000 


B.  pyo- 
cyaneus 

0 

0 

numerous 


After  48  hours'  contact 
with  homoflavine 


B.  coli 

0 

0 

few 


Staphylo- 
cocci 

0 

0 
0 
0 
0 


B.  pyo- 
cyaneus 

0 
0 
0 
0 
0 


]  [  Ait  Ion   ({f  Di/es  oh    Bortrrio 

These  experiments,  vvhicli  have  not  been  repeated,  seem  to  show  that  in 
cultures  during  the  rapidly  growing  stages  staphyk)Gocci  are  killed  more 
readily  than  B.  coli  by  the  prolonged  action  of  certain  strengths  of  the  homo- 
tlavine.  In  the  case  of  B.  coli  after  a  period  of  inhibition  multiplication  may 
occur.  The  older  cultures  of  all  these  organisins  seem  to  be  the  most  sus- 
ceptible to  the  prolonged  action  of  homoflavine. 

If  cultures  on  such  a  medium  (the  homoflavine  being  replaced  by  distilled 
water)  be  examined  by  means  of  dilutions  in  plate  cultures  it  will  be  found 
that  at  the  end  of  24  hours'  incubation  great  multiplication  of  the  organisms 
has  taken  place,  and  that  by  the  third  day  the  growth  in  the  case  of  B.  coli 
and  staphylococci  has  nearly  reached  its  maximum.  Subsequently  multipli- 
cation ceases,  and  by  the  tenth  day  a  great  reduction  in  numbers  has  taken 
place.  B.  pyocyaneus  reaches  its  maximum  very  early,  and  active  multipli- 
cation has  ceased  by  the  third  day. 

It  is  evident  from  these  experiments  that  the  results  obtained  by  adding 
solutions  of  homoflavine  to  actively  growing  or  declining  cultures  are  very 
different  from  those  obtained  in  previous  experiments  in  which  relatively 
small  numbers  of  organisms  were  added  to  media  already  containing  homo- 
flavine. 

The  experiments  which  have  been  quoted  show  that  the  action  of  homo- 
flavine is  very  greatly  infludliced  by  the  reaction  of  the  medium,  the  quantity 
of  nutrient  substance,  the  presence  of  agar,  and  the  age  of  the  culture;  in 
fact  any  alteration  in  the  composition  of  the  medium,  or  the  proportion  of 
the  ingredients,  affects  the  results  obtained  to  a  greater  or  less  degree.  (See 
also  pp.  16,  18). 

Comparison  of  Acriflavine  and  Homoflavine. 

The  eft'ects  of  acriflavine  and  homoflavine  in  meat  extract  cultures  have 
not  been  compared,  but  some  comparative  experiments  jn  ox  serum,  sterilised 
by  heating  to  55°  C,  and  in  0-7  %  peptone  water,  were  made. 

In  each  tube  were  placed  0-8  c.c.  of  serum  or  0-8  c.c.  of  0-7  %  peptone 
water,  0-1  c.c.  of  a  solution  of  the  dye  and  0-1  c.c.  of  a  dilution  (staphylococci 
1  :  20,000,  B.  coli  1  :  10,000)  in  0-75  %  salt  solution  of  a  24  hours'  peptone 
water  culture  of  the  organism.  Fortunately  the  two  dilutions  contained 
almost  the  same  number  of  organisms.  Control  tubes  without  the  dye  were 
sow^n  at  the  same  time. 

The  following  table  (p.  15)  shows  the  results  of  this  experiment,  the  figures 
indicating  the  numbers  of  organisms  growing  in  cultures  on  agar  made  with 
one  standard  loopful  (0-01  c.c),  after  dilution  if  this  seemed  necessary. 

The  peptone  solution  was  distinctly  acid,  5  c.c.  requiring  0-275  N/10  soda 
to  neutralise  it  to  neutral  red,  and  the  serum  distinctlv  alkaline,  5  c.c.  requiring 
0-75  N/10  HCl  to  neutralise  it. 

These  experiments  show  that  the  actions  of  the  two  dyes  on  staphylococci 
and  B.  coli  respectively  are  very  similar,  but  that  while  the  staphylococci  are 
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Actum   of  J)i/(H  oit    lidcteria 


more  susceptible  when  growing  in  peptone  water  the  B.  coli  are  more  suscep- 
tible when  growing  in  serum.  In  the  lower  concentrations  the  organisms  in 
many  cases  at  tirst  seemed  to  decrease  in  numbers  and  then  to  increase. 


Quinone. 

Several  series  of  experiments,  comparable  with  those  made  with  homo- 
flavine,  were  carried  out  with  quinone. 

The  effects  of  varying  the  reaction  of  the  medium. 

To  test  the  effect  of  alterations  in  the  reaction  of  the  medium  experiments 
were  made  on  agar  and  in  meat  extract.  In  the  former  series  the  agar  was 
melted,  and  the  soda  and  water  added.  It  w^as  then  cooled  to  45°  C,  the 
solution  of  quinone  added,  the  contents  of  the  tube  thoroughly  mixed  and 
the  medium  poured  into  plates  and  allowed  to  set. 


Meat 
extract 

N/lOsoda 

N/IO  HCl 

Agar 

Water 

Solution  of 
quinone 

1 

10 

— 

015 

20 

1-35 

0-5 

2. 

10 

— 

01 

20 

1-4 

0-5 

3. 

10 

— 

005 

20 

1-45 

0-5 

4. 

10 

— 

— 

20 

1-5 

0-5 

5. 

10 

0-08 

— • 

20 

1-42 

0-5 

6. 

10 

0-18 

— 

20 

1-32 

0-5 

7. 

10 

0-28 

— 

2-0 

1-22 

0-5 

8. 

10 

0-38 

— 

20 

112 

0-5 

9. 

10 

.   0-48 

— 

2-0 

102 

0-5 

10. 

10 

0-58 

— 

20 

0-92 

0-6 

The  meat  extract  series  was  similar  in  all  respects  except  that  2-0  c.c.  of 
water  were  substituted  for  the  2-0  c.c.  of  agar.  The  solution  of  quinone  was 
added  w^hen  the  medium  had  cooled  after  sterilisation. 

The  results  are  given  in  the  following  table,  which  shows  the  concentration 
of  quinone  necessary  in  order  to  completely  inhibit  growth  for  48  hours  w^hen 
the  agar  and  meat  extract  contain  1  c.c.  of  nutrient  material. 


Agar 

Meat  extract 

A 

N/10  HCl 

z' — 

jB.  coli 

Staphylo- 
cocci 

B.  pyo- 
cyane.ua 

B.  coli 

Staphylo- 
cocci 

B.  pyo- 
cyaneus 

l.=015 

100,000 

1 :  45,000 

1 :  30,000 

— 

— 

— 

2.  =01 

90,000 

1 :  40,000 

1 :  20,000 

— 

1 :  120,000 

1 

55,000 

3.  =005 

70,000 

1 :  50,000 

1 :  25,000 

1: 

120,000 

1:  60,000 

1 

•  70,000 

4.=0 

90,000 

1 :  70,000 

1 :  25,000 

1 

90,000 

1:  50,000 

1 

:    7,500 

N/10  soda 

5.  =0-08 

95,000 

1 :  70,000 

1 :  30,000 

1: 

110,000 

1:  60,000 

1 

•  10,000 

6.  =018 

•*■(" 

90,000 

1 :  55,000 

1 :  30,000 

1 

90,000 

1:  40,000 

1 

.  15,000 

7.  =0-28 

75,000 

1 :  45,000 

1 :  27,000 

1: 

40,000 

1:  30,000 

1 

15,000 

8.  =0-38 

60,000 

1 :  30,000 

1 :  25,000 

1: 

25,000 

1:  20,000 

1 

12,500 

9.  =0-48 

50,000 

1 :  20,000 

1 :  20,000 

1: 

17,500 

1:    25,000 

1 

10,000 

10.  =0-58 

45,000 

1 :  15,000 

1 :  15,000 

1: 

10,000 

1:    25,000 

1 

7,500 
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Agar 


Meat  extract 


f 

3 
s 

,2 

o 

('oncen- 

o     s    ; 

2 

tnition 

X. 

X, 

of  (|nin 

OIll! 

^-3 

o  o  o  o 

OO  OO  r/J  CO  CO 

•-H  rj  CO  -I"  O 


=>    3    3 


/•< 


1 :  120,000 


1:110,000     — 


1 :  100,000     -t 


1 :  90,000 


1  :  80,000 


1  :  70.000     — 


1 :  10,000 


I  I  I  I   I     \ — I     I — I    r 
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Chart  IV.     Showing  the  influence  of  change  of  reaction  on  the  concentration  of  quinonc 
necessary  to  cause  inhibition  of  growth  during  48  hours  at  37°  C.  on  agar  and  in  meat  extract. 

B.  colt  staphylococci 

- •  - •  -  I),  pyocyaneus 


Journ.  ol  Hy_^  xviii 


is 


Action  itf  Difcs  ott   lhut< ria 


It  will  be  seen  by  comparing  Charts  I,  II,  HI,  and  iV  that  while  the 
ethciency  of  honiotiavine  increases  with  the  increase  of  alkalinity  the  efficiency 
of  quinone  diminishes.  While  homoflavine  is  most  active  in  an  alkaline 
solution,  quinone  is  most  active  at  or  near  neutrality  to  neutral  red.  Further 
there  is  not  so  marked  a  difi'orence  between  the  concentrations  of  quinone 
necessary  to  produce  inhibition  in  agar  and  in  meat  extract  as  there  is  in 
the  case  of  homoflavine. 

The  effect  of  varyiny  the  yrofortion  of  nutrient  material. 
The   efficiency   of   quinone   decreases   as   the   concentration   of   nutrient 
material  increases  as  shown  by  the  following  experiment  on  agar. 


Composition  of  medium 


Concentration  of  quinone  required 
to  inhibit 


Meat 

N/IO 

Solution 

^- 

Stapliylo- 

B.  pyo- 

extract 

Agar 

soda 

Water 

of  quinone 

B.  roll 

COCCl 

cijaueus 

1. 

0-5 

2  0 

004 

20 

0-5 

1 

150,000 

1: 110,000 

1 :  15,000 

2_ 

10 

20 

0-08 

1-5 

0-5 

1 

85,000 

1:  05,000 

1: 12,000 

3. 

1-5 

20 

012 

1-4 

0-5 

1 

60,000 

1:    35,000 

1 :  10,000 

4. 

20 

2  0 

010 

1-3 

0-5 

1 

50,000 

1:    25,000 

1:  8,000 

Chart  V.     Showing  the  concentrations  of  quinone  necessary  to  cause  inhibition  of  growth  on 
agar  during  48  hours  at  37°  C.  in  the  presence  of  different  quantities  of  nutrient  material. 

B.coli  staphylococci 

— .  —  •  — .  B.pyocyaneiin 
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The  effect  of  varying  the  proportion  of  agar. 
he  elHciency  of  qui  none  is  oiil}'  slightly  influenced  by  the  quantity  of 


agar  present. 

Composition  of  n 

Meat 

extract 

Agar 

N/10  Hoda 

1. 

10 

10 

0-08 

2 

10 

20 

008 

3. 

10 

30 

0-08 

.^  Concentration  of  ({uinone 

Solution  required  to  inhibit  tlie 

Water      of(|uinone  Kr»wth  of  Ktapliylococcl 

2-42     0-5  1 :  00,000 

1-42     0-6  1  :  70,000 

0-42     0-5  1 :  80,000 


llie  effect  of  heat  on  the  action  of  quinone. 

The  action  of  quinone,  unlike  the  action  of  homoflavine,  is  greatly  influ- 
enced by  heat,  as  shown  in  the  following  experiments.  In  one  series  all  the 
ingredients  were  mixed  and  the  medium  boiled  for  five  minutes  before  pouring 


Concen- 
tration 
of  quin- 
one 


"^ 


1 :  90,000 

1                          1                          1                           1 

•v 

S 
N 

1  :  80,000 

S 
N 

\ 
• 

1  :  70,000 

—                                                                                                                                                         

1 :  60,000 

/\            ' 

1 :  50,000 

-V                        /                 \- 

1 :  40,000 

_  \y 

^ 

\ 

1 :  30,000 

\ 

\. 

\                                        ^ 

\                            y 

1  :  20,000 
1  :  10,000 

/  .y 

n 

1                  1                  1                   1 

Chart  VI.    Showing  the  influence  of  boiling  on  the  action  of  quinone.     Upper  lines  indicate 
unhealed  series,  lower  lines  boiled  series. 

B.  coli  staphylococci 

—  •  —  • —  B.  pyocyaneiis 

2 2 


'20  Action  iff  Di/L's  on  Biuterla 

the  plates,  while  in  the  other  the  iiii^nedients  witlioiit  the  quinone  were  first 
mixed  and  boiUnl.  After  cooling  to  45°  C.  the  solution  of  quinone  was  added 
and  [)lates  immediately  poured. 


C'oiupOHitiuu  uf  lueiliu 


A. 
B. 
C. 
D. 


Meat 

extract 

10 
10 
10 
10 


N/10  HCl 
015 
005 


N/IO 
Hoda 


008 
0-2 


Agar 
20 
20 
2  0 
2  0 


Water 

1-35 

1-45 

1-42 

1-3 


Solution 
of  quinone 

0-5 

0-5 

0-5 

0-5 


Concentration  of  quinone  required  to  inhibit  growth 


Unheated  quinone  solution 


Heated  quinone  solution 


B.  colt 
Staph. 
B.  pyocy- 
aneus 


A  B  C  D 

1:95,000  1:85,000  1:90,000  i:75,ooo 

1:50,000  1:40,000  i:  (15,000  i:  45,000 

1 :  35,000  1 :  15,000  1 :  15,000  1 :  15,000 


D 


A  B  C 

1:7,500  1:7,500  1:7,500  1:25,000 
1:7,500  1:7.500  1:7,500  1:25,000 

1 :  7,500  1 : 3,000  1 :  7,500  i :  15,000 


The  action  of  quinone  on  cuUiwes  of  various  ages. 

Cultures  made  in  meat  extract  1-0  c.c,  N/10  soda  0-8  c.c,  and  water 
3-5  c.c,  were  incubated  at  37°  C.  for  one,  three  and  ten  days  respectively.  At 
the  expiration  of  these  periods  0-5  c.c.  of  a  solution  of  quinone  was  added  to 
each,  and  the  tube  returned  to  the  incubator.  24  and  72  hours  later  one 
standard  loopful  was  sown  from  each  culture  on  a<^ar,  and  incubated  for 
48  hours. 

Cultures  one  day  old 


After  24  hours'  contact  with  quinone 

After  72  hours'  contact  with  quinone 

Concentra- 
tion of 
quinone 

B.  i-nli 

Staphylo- 
cocci 

Concentra- 
tion of 
(luinone 

B.  viio- 

ClJIttUUii 

B.  roll 

Staphylo- 
cocci 

B.  injo- 

I 

10,000 

numerous 

0 

1:   1,000 

0 

numerous 

0 

0 

1 

25,000 

,, 

numerous 

1:    2,500 

0 

>> 

numerous 

0 

1 

50,000 

>> 

>» 

1:  5,000 

numerous 

»> 

>> 

numerous 

1 

75,000 

>> 

>j 

1:  7,500 

5> 

»» 

>5 

>> 

Cultures  three  day 
ct  with  quinone 

sold 
After  72  hours'  contact  wi 

After  24  hours'  conta 

/--                                   -*- 

Staphylo- 
}>.  I'lli.               cocci 

th  quinone 

Concentra- 
tion of 
(piinone 

B.  injd- 
(■i/<(neus 

B.  roll 

Staphylo- 
cocci 

B.  pjio- 
vyani'us 

10,000 

numerous 

0 

1:   1,000 

0 

numerous 

0 

0 

25,000 

»> 

0 

1:    2,500 

0 

}f 

0 

0 

50,000 

>> 

0 

1:  5,000 

numerous 

>j 

0 

numerous 

75,000 

J? 

0 

I  :    7,500 

>> 

5> 

numerous 

j> 

100,000 

j> 

0 

1 :  10,000 

j» 

J5 

>> 

jj 

Cultures  ten  da 

ys  old 
After  72  hours'  contact  wi 

After  24  hours'  contact  with  ijuinone 

th  quinone 

staphylo- 
cocci 

Concentra- 
tion of 
([uinone 

/>.  pyo- 
cijaiu'iit^ 

B.  cnll 

staphylo- 
cocci 

B.  pijo- 

VlldtlCUS 

10,000 

0 

0 

1:   1,000 

0 

numerous 

0 

0 

25,000 

few 

0 

1:    2,500 

0 

5J 

0 

0 

50,000 

numerous 

0 

1:  5,000 

numerous 

>> 

0 

numerous 

75,000 

>5 

0 

1:  7,500 

»> 

>» 

0 

>5 

100,000 

>5 

0 

1 :  10,000 

»> 

>> 

0 

»» 

C-1.    S.    ORAITA.M-S.MITir  21 

Til  tlie  case  of  stjiphylococci  it  will  he  noticed  that  the  older  the  culture 
the  nioie  aflocted  it  is  by  treatment  with  (|iiinoii('.  In  the  case  of  B.  coli  this 
plirnninenon  is  not  so  evident.    Ji.  pf/on/ancH.s  is  ecjually  affected  at  all  ages. 

As  in  the  case  of  honiodjiviiic  the  lesults  obtained  by  adding  the  solution 
of  (juinone  to  growing  cultures  are  very  difTercnit  from  those  obtained  when 
relatively  small  numbers  of  organisms  aic  arhied  to  media  containing  a  solu- 
tion of  (|uinone. 

The  influence  of  numbers  of  organisms  and  of  gelatin  on  the  effects 
of  homoflavine  and  of  quinone. 

The  wjlncncc  (if  ii  umbers  in  (he  inilial  dose  of  organism.'-;. 

(*ertain  experiments  illustrating  the  influence  of  variations  in  the  numbers 
of  the  organisms  in  the  initial  dose  on  the  effects  of  homoflavine  and  quinone 
were  carried  out  simultaneously  and  are  best  considered  in  conjunction. 

The  culture  medium  (neutral  to  neutral  red)  consisted  of  meat  extract 
I'O  C.C.,  soda  0-8  c.c,  water  3-42  c.c.  and  dye  0-5  c.c.  In  series  A  the  concen- 
tration of  homoflavine  was  1  :  100,000  and  in  series  B  1  :  250,000,  in  series  C 
the  concentration  of  quinone  was  1  :  20,000,  and  in  series  D  1  :  50,000.  Each 
series  consisted  of  seven  tubes  to  each  of  which  one  drop  of  an  emulsion  in 
distilled  water  of  staphylococci  from  an  agar  culture  grown  at  37^  C.  for 
24  hours  was  added.  The  first  tube  received  a  drop  of  a  strong  emulsion,  the 
next  of  an  emulsion  of  1/10  strength,  and  the  others  of  1/100,  1/1000,  1/10,000, 
1/100,000,  1/1,000,000  strengths.  The  organisms  present  in  these  tubes  were 
estimated  immediately  by  sowing  standard  loops  (0-01  c.c.)  of  the  cultures  in 
melted  agar  and  pouring  plates,  and  in  the  same  way  the  numbers  were 
estimated,  using  dilutions  when  necessary,  after  24,  48,  72  and  96  hours' 
cultivation  at  37°  C. 

It  will  be  seen  that  in  the  controls  very  active  multiplication  took  place 
wdthin  24  hours  in  all  the  cases  tested. 

In  a  concentration  of  1  :  100,000  homoflavine,  series  A,  a  few  of  the 
organisms  remained  alive  in  tube  1,  to  which  the  greatest  numbers  were 
added,  but  none  appeared  to  remain  alive  in  the  other  tubes  to  which  smaller 
numbers  were  added.  At  a  concentration  of  1  :  250,000  of  homoflavine, 
series  B,  multiplication  of  the  organisms  occurred  rapidly  in  tube  1,  more 
slowly  in  tube  2,  and  some  multiplication,  after  an  initial  diminution,  in 
tubes  3  and  5.  In  the  latter  case  the  organisms  w^ere  so  few  after  24  hours' 
incubation  that  no  colonies  appeared  in  the  subculture  made  with  0-01  c.c. 
of  the  culture.  In  the  other  tubes  no  organisms  appeared  to  survive.  It 
seems  probable  therefore  that,  whereas  in  tubes  4,  6  and  7  all  the  organisms 
were  destroyed  in  the  stage  when  diminution  in  numbers  is  occurring,  in 
tube  5  one  or  more  survived,  became  accustomed  to  the  conditions  and 
subsequently  multiplied. 

A  concentration  of  1  :  20,000  of  quinone,  series  C,  inhibited  growth  in  all 
cases,  while  with  a  concentration  of  1  :  50,000,  series  D,  after  a  great  initial 
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diminution  rapid  growth  occurred  in  tube  1,  l)ut  no  colonies  ever  appeared 
in  subcultures  from  the  other  tubes. 
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Several  other  experiments  of  this  type  gave  similar  results,  showing  that 
the  concentration  of  the  compound  necessary  to  inhibit  growth  is  greatly 
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influiMU'cd  hy  llic  initial  iniiiilx'C  of  organisms  present.  Small  numbers  ol 
staphylococci  seem  to  he  a  hie  to  ovciconic  the  influence  of  liomoflavine  more 
easily  than  the  inlhieiice  of  (|uiiioiie. 

T/h'  ifijlirenrc  of  f/elafin. 

Several  series  of  experiments  on  the  influence  of  fijelatin  on  the  effects  of 
honiodaxine  and  of  ({uinone  were  carried  out.  The  first  series  quoted  is 
intended  to  illustrate  the  influence  of  gelatin  in  the  presence  of  strong  con- 
centrations of  these  compounds.  . 

In  this  experiment  small  ({uantities  of  gelatin,  agar  or  albumin  were 
added  in  some  of  the  tubes,  while  other  tubes  in  the  series  acted  as  controls. 
All  were  made  neutral  to  neutral  red.  The  tubes  were  sterilised  by  boiling 
and  the  solution  of  the  compound,  sufficient  to  make  a  final  concentration  of 
I  :  1 ,000,  the  albumin  and  a  drop  of  an  emulsion  of  staphylococci  added  after 
cooling. 


No.  of 
tube 

Meat 
extract 

Salt 
solution 

(;575"/„) 

N/10 
soda 

N/10 
HCl 

(Jelatiii 

(20"/„) 

Agar 

(2"/„) 

albumin 

Water 

Solution 

of 
compound 

1. 

10 

10 

0-08 

— 

— 

— 

— 

2-42 

0-5 

2. 

10 

10 

017 

— 

10 

— 

— 

1-23 

0-5 

3. 

— 

10 

0-09 

— 

10 

— 

— 

2-41 

0-5 

4. 

10 

1-0 

0-08 

— 

— 

0-5 

— 

1-92 

0-5 

5. 

— 

10 

— 

— 

— 

0-5 

— 

3  0 

0-5 

fi. 

— 

10 

— 

— 

— 

— 

— 

3-5 

0-5 

7. 

10 

10 

0-08 

— 

— 

— 

0-5 

1-92 

0-5 

8. 

— 

1-0 

— 

— 

— 

— 

0-5 

30 

0-5 

9. 

— 

10 

— 

— 

— 

— 

0-5 

3-5 

— 

10. 

— 

10 

— 

— 

— 

— 

— 

40 

— 

11. 

— 

1-0 

— • 

0-1 

— 

— 

— 

3-9 

— 

12. 

— 

1-0 

10 

— 

— 

— 

— 

30 

— 

Immediately  after  the  introduction  of  the  organisms  and  after  1,  5^  and 
24  hours'  incubation  at  37°  C.  standard  loopfuls  were  sown  in  agar  plates, 
the  colonies  on  which  were  counted  after  48  hours'  incubation,  with  the 
following  results. 


Homoflavine 

Quinone 

Tube 
1. 

1  hour 
280 

5  "5  hours 

0 

24  hours 
0 

1  hour 
0 

5  5  hours 

0 

24  hours 
0 

2. 

3,264 

168 

0 

0 

0 

0 

3. 

4. 
6. 

5,886 

488 

4,000 

1,136 

1 

37 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

6. 

2,656 

360 

0 

0 

0 

0 

7. 

1,072 

0 

0 

0 

0 

0 

8. 

1,696 

0 
Control  tubes 

A 

0 

0 

0 

0 

9. 
10. 
11. 

1  hour 

7.200 

5,984 

26 

5  "5  hours 
6,016 
4,624 
23 

24  hours 
4,448 
0 
2 

12. 

7,616 

1,632 

0 

The  immediate  cultures  yielded  an  average  of  9950  organisms  per  loop. 
It  will  be  seen  that  a  rapid  diminution  in  the  number  of  organisms  took 
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place  ill  the  presence  ot  i  :  1, ()()()  hoiiioflaviiie  in  tiilx*  1,  containing  meat 
extract  only,  and  in  tube  4,  containint?  meat  extract  and  agar.  The  munbers 
diminished  much  less  speedily  in  tube  2  containing  meat  extract  and  gelatin, 
tube  3  containing  gelatin  only,  tube  5,  containing  agar  without  meat  extract, 
and  tubes  7  and  8,  containing  albumin.  The  numl)ers  also  diminished  slowly 
in  tube  i\  containing  salt  solution.  On  the  other  hand  in  a  concentration  of 
1  :  1,000  neither  gelatin,  agar,  albumin  or  salt  solution  seems  to  retard  the 
eti'ects  of  quinone. 

In  the  control  tubes  10,  II,  12,  containing  neutral,  acid  and  alkaline  salt 
solution,  very  few  or  no  living  organisms  were  found  after  24  hours'  incubation, 
but  numerous  colonies  were  present  in  subcultures  made  at  that  time  from 
tube  9,  containing  albumin. 

The  influence  of  various  quantities  of  gelatin,  with  and  without  meat 
extract,  was  studied  in  another  series  of  experiments. 

Tubes  containing  media  of  the  following  composition  were  prepared  and 
sterilised  by  boiling.  The  solution  of  the  compound  and  one  drop  of  a  staphy- 
lococcus emulsion  were  added  when  cool,  and  the  cultures  incubated  at  37°  C. 
Immediate  counts  showed  that  the  cultures  contained  an  average  of  2,016 
organisms  per  loop. 


Meat 
extract 

(Jt'latin 

(20<Vo) 

N/IO  soda 

Water 

Solution  of 
compound 

Controls  ^  2. 
.3. 

— 

20 

018 

2-82 

— 

— 

10 

009 

3-91 

— 

— 

0-5 

0045 

4-45 

— 

4. 

— 

20 

0-18 

2-32 

0'6 

6. 

— 

10 

009 

3-41 

0-6 

6. 

— 

0-5 

0045 

3-95 

0-6 

(1. 

Controls    8. 

.0. 

10 

20 

0-26 

1-74 

— 

10 

10 

017 

2-83 

— 

10 

0-5 

0125 

3-375 

— 

10. 

10 

20 

0-20 

1-24 

0-5 

11. 

10 

10 

0-17 

2-33 

0-5 

12. 

1-0 

0-5 

0125 

2-875 

0-5 

Of  numbers  1,  5,  G,  10,  11  and  12  four  tubes  were  prepared,  two  (a  and  h) 
receiving  solution  of  homoflavine  of  such  strength  as  to  make  concentrations 
of  1  :  1,000  and  1  :  10,000  and  two  (c  and  d)  solutions  of  quinone  to  make 
concentrations  of  1  :  1,000  aiul  1  :  10,000.  The  organisms  present  in  the 
cultures  were  counted  by  transferring  standard  loopfuls  to  melted  agar  and 
pouring  plates  immediately  and  after  24,  48,  72  and  90  hours'  incubation  at 
37°  C. 

The  results  of  these  experiments  are  tabulated  below. 


Controls 

/-— 

Homoflavine 
f~ 

- 

(iuinone 

1  : 1,000 

1 :  10.000 

~^ 

1 

:  1,000 

1:10,000 

No. 

No. 
of 

24    48    72 

No. 
of 

>, 

No. 
of 

ji 

No. 
of 

, 

of 

24 

48 

24 

48 

72 

27 

48 

72 

24    48    72 

tube 

hours 

hours 

tube 

hi-s.  lirs.  hrs. 

tube 

hours 

hours 

hours 

tube 

hrs. 

lirs. 

hi'S. 

tube 

hrs.  hrs.  hrs. 

1. 

496,000 

747,000 

4(rt). 

0      0      0 

4(^). 

0 

0 

0 

4(c). 

0 

0 

0 

4((0. 

0      0      0 

2. 

424.000 

596.000 

5(<0. 

0      0      0 

5(/'). 

0 

.0 

0 

5(c). 

0 

0 

0 

5(d). 

0      0      0 

3. 

268.000 

408,000 

6(<(). 

0      0      0 

(;(/.). 

0 

0 

0 

6(c). 

0 

0 

0 

6(f0. 

0      0      0 

7. 

6,416,000 

10.608,000 

10(<0. 

0      0      0 

10(?)). 

()0,000 

1.576,000 

5,680,000 

10(c). 

0 

0 

0 

10  (fO. 

0      0      0 

8. 

6,272,000 

9,712,000 

11(«). 

0      0      0 

11(')). 

488 

141 

217 

11  (c). 

0 

0 

0 

11  (rf). 

0      0      0 

9. 

5.582,000 

7,232,000 

12(a). 

0      0      0 

12(/.). 

3 

1 

0 

12(c). 

0 

0 

0 

\1(d). 

0      0      0 
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It  will  be  seen  thai  in  the  control  tubes,  1,  2  and  o,  containing  gelatin 
without  meat  extract  the  staphylococci  multiplied  to  a  mqderate  extent, 
and  th(>  multiplication  was  greatest  in  tube  I  containing  the  largest  amount 
of  gelatin,  liomoflavine  and  (juinonc^  in  concentrations  of  1  :  1,000  and 
I  :  l(),0(l(^  completely  inhil)ite(l  growth  in  gelatin  alone  (4  a,  6,  c,  d,  5  a,  6,  c,  d, 
and  ()  (L  h.  (\  d).  In  all  the  control  tubes  containing  gelatin  and  meat  extract 
(7,  8  and  D)  great  multij)li(;ation  occurred,  the  numbers  found  bearing  a 
relation  to  the  amount  of  gelatin  present.  While  homoHavine  in  a  concentra- 
tion of  1  :  1 ,000  completely  inhibited  growth  in  these  media  [tubes  10  (a),  1 1  (a), 
12(^)1  multiplication  occurred  at  a  concentration  of  1  :  10,000  in  the  tube 
10  (6)  containing  the  most  gelatin.  In  tube  1 1  (h)  containing  less  gelatin  the 
organisms  diminished  in  numbers  but  some  remained  alive.  Almost  complete 
inhibition  occurred  in  tube  12  (h)  containing  the  least  gelatin.  Quinone  in 
both  concentrations  inhibited  growth  in  all  cases. 

These  experiments  like  the  last  show  that  the  action  of  quinone  is  much 
less  affected  than  the  action  of  homoflavine  by  the  presence  of  gelatin. 

The  influence  of  homofl/ivine  and  quinone  on  the  liquefaction  of  gelatin  by 

B.  pyocyaneus. 

Media  of  the  following  composition  were  prepared  and  sterilised  by  boiling. 
After  cooling  the  solution  of  the  compound  and  one  drop  of  an  emulsion  of 
B.  pyocyaneus  in  distilled  water  was  added. 


Meat 
extract 

(Gelatin  (20%) 

in  distilled 

water 

N/IO  soda 

N/IO  HCl 

AVater 

Solution  of 
compound 

A. 

10 

20 

0-56 

— 

0-94 

0-5 

B. 

10 

2-0 

0-26 

— 

1-24 

0-5 

C. 

10 

20 

0-1 

— 

1-4 

0-5 

D. 

10 

20 

— 

01 

1-4 

0-5 

The  cultures  were  incubated  at  37°  C.  and  cooled  daily  in  a  stream  of 
water  to  see  if  liquefaction  had  taken  place.  Subcultures  made  on  the  second 
day  showed  numerous  colonies  in  all  the  tubes,  indicating  that,  under  the 
conditions  of  these  experiments,  1  :  1,000  concentrations  of  homoflavine  and 
quinone  did  not  completely  inhibit  the  growth  of  B.  pyocyaneus.  The  results 
are  shown  in  the  following  table  (p.  26). 

It  will  be  seen  that  the  concentrations  of  homoflavine  used,  although  they 
do  not  destroy  the  organisms,  tend  to  inhibit  the  action  or  the  production  of 
the  liquefying  ferment  most  strongly  when  the  medium  is  alkaline,  while 
these  concentrations  of  quinone  act  in  the  same  manner  most  efficiently  in 
series  C,  wdiich  is  nearly  neutral. 

Other  experiments  of  the  same  kind  indicated  clearly  that  the  results 
were  correlated  with  the  number  of  organisms  introduced.  With  a  large 
initial  dose  liquefaction  occurred  in  the  1  :  2,000  concentration  of  homoflavine 
on  the  fourth  day  in  series  A,  and  in  the  1  :  1,000  concentration  of  quinone  on 
the  third  dav  in  series  D. 
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l^ashfonl.  Hartley  and  Morrison  (I1H7)  in  recording  their  experience  of 
tlie  action  of  acridavinc  on  wounds  say  that  "The  only  favourable  feature 
has  been  lh;it  the  patient  is  a])parently  protected  in  some  way  from  the 
absorption  ol  toxic  products."  i^ossibly  this  protection  is  due  to  the  influence 
of  the  dye  on  ferment  action  as  illustrated  in  tlie  experiment  just  quoted. 


SumnHfri/  of  axperimen/s  ivilh,  hotnojlavine  and  quivone. 


1  c.c.  meat  extract, 
3-5  CO.  water,  0-5 
c.c.  solution  of  coin  - 
pound. 

Alkaline  meat  ex- 
tract. 

1  c.c.  meat  extract, 
2  c.c.  agar,  1-5  c.c. 
water,  0-5  c.c.  solu- 
tion of  compound. 


Alkaline     meat 
tract  agar. 

Growing  cultures. 


ex- 


Heating  to  100°  C. 


Initial  dose  of  organ- 
isms. 


Gelatin  in  meat  ex- 
tract. 


Liquefaction  of  gela- 
tin by  B.  pijocyaneua. 

Egg  albumin. 


nouioflaviiu! 
li.  coLi  inhibited  at  (concentration 
of  1  :  150,000,  staphylococci  of 
1  :  300,000,  B.  pyocyaneus  of 
1 :  20,000. 

Efficiency  greatly  increased  by 
small  additions  of  N/10  soda. 

B.  coli  inhibited  at  a  concentra- 
tion of  1  :  4,500,  staphylococci 
of  1  :  10,000,  B.  pyocyaneus  of 

1 :  500. 

Efficiency  much  less  than  in 
meat  extract. 

Efficiency  increases  with  alka- 
linity. 

Much  greater  concentrations  re- 
quired to  inhibit  growing  cul- 
tures than  organisms  added  to 
fresh  media. 

The  oldest  cultures  are  the  most 
susceptible  to  prolonged  ac- 
tion. 

Heating  has  little  effect  on  its 
action. 

Efficiency  decreases  in  relation 
to  the  numbers  of  organisms 
added.  With  moderate  num- 
bers there  is  first  a  diminution 
and  then  a  multiplication. 

Gelatin  in  the  presence  of  strong 
concentrations  of  the  dye  re- 
tards the  inhibitory  action.  In 
moderate  concentrations  mul- 
tiplication occurs  if  sufficient 
gelatin  present. 

Inhibited  when  medium  alka- 
line. 

In  strong  concentrations  of  the 
dye  retards  the  inhibitory 
action. 


Quinonc! 
Ji.  coli  inhibited  at  (;onc(;ntration 
of  1 :  90,000,  staphylococci  of 
1  :  50,000,    B.   pyocyaneus   of 
1 :  7,500. 

Efficiency  decreases  as  alkalinity 
increases.  Most  efficient  at  or 
near  neutrality. 

B.  roll  inhibited  at  a  concentra- 
tion of  1  :  90,000,  staphylo- 
cocci of  1  :  70,000,  B.  pyocy- 
aneus of  1  :  25,000. 

Efficiency  nearly  the  same  as  in 
meat  extract. 

Efficiency  decreases  as  alkalinity 
increases. 

Action  in  this  respect  same  as 
that  of  homoflavine. 


Action  in  this  respect  same  as 
that  of  homoflavine. 


Heating  very  greatly  decreases 
the  efficiency. 

Relation  of  efficiency  to  numbers 
less  marked  than  with  homo- 
flavine, and  less  tendency  to 
multiplication  after  initial  de- 
crease. 

Action  little  affected  by  the 
presence  of  gelatin. 


Inhibited  when  medium  neutral. 


Action  little  affected. 
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Crystal  Violet. 

As  shown  ill  Table  I  crystal  violet  has  relatively  little  action  on  B.  coli  or 
B.  'pyovijaneus,  and  consequently  the  few  additional  experiments  carried  out 
with  this  dye  were  made  with  staphylococci. 

Experiments  made  with  media  of  the  following  composition  show  that 
this  dye  like  homoHavine  acts  best  when  the  inodiuni  is  slightly  alkaline. 

Composition  of  medium  Concentration  neceB- 


Meat 

extract 

Agar 

N/IU  soda 

N/IO  llCl 

Water 

Solution 
of  dye 

Hitiy    lU   IIIIIIUIL 

the  growth  of 
staphyhK'OCci 

A. 

10 

20 

— 

015 

1-35 

0-5 

1 : 1,500,000 

B. 

10 

20 

0-08 

— 

1-42 

0-5 

1 :  :3,500,ooo 

C. 

10 

20 

0-58 

— 

0-92 

0-5 

1 : 5,000,000 

In  neutral  meat  extract  the  growth  of  staphylococci  was  found  to  be 
inhibited  by  a  concentration  of  1  :  10,000,000,  but  the  precise  limits  were 
not  worked  out. 

Crystal  violet  acts  more  efficiently  on  staphylococci  growing  in  meat 
extract  than  on  ox  serum. 

Conclusions. 

In  cultures  the  effects  of  homofiavine  and  quinone,  the  two  compounds 
most  thoroughly  investigated,  vary  on  each  species  of  organism  with  every 
change  in  the  composition  of  the  medium,  whether  the  change  is  brought 
about  by  altering  the  proportion  of  any  constituent  or  by  the  introduction  of 
fresh  constituents,  and  also  with  variations  in  the  numbers  and  age  of  the 
organism.  Again  in  each  medium  the  concentration  of  the  compound  which 
inhibits  each  species  of  organism  differs,  and  it  is  probable  that  yet  other 
concentrations  are  required  when  mixed  cultures  are  employed,  though  no 
experiments  have  been  made  to  establish  this  point. 

In  wounds  the  conditions  are  more  complex  than  in  cultures.  The  con- 
ditions prevailing  in  no  two  wounds  are  likely  to  be  identical,  and  in  every 
wound  the  conditions  are  constantly  altering,  not  only  in  regard  to  the 
chemical  constituents  of  the  fluids  but  also  in  regard  to  the  numbers  of 
organisms  and  the  species  and  the  relationships  between  them. 

The  work  of  Douglas,  Fleming  and  Colebrook  (1917)  indicates  "that 
bacterial  symbiosis  may  play  a  very  important  role  in  wound  infections." 
"Streptococci  multiply  much  more  rapidly  when  grown  in  symbiosis  with 
various  bacteria,  amongst  these  being  the  group  of  diphtheroid  bacilli  which 
are  present  in  practically  every  infected  wound  from  the  earliest  stage  until 
cicatrization  is  complete." 

The  conditions  prevailing  in  a  wound  would  be  more  closely  simulated  if 
frequent  small  additions  of  food  substance  were  made  to  cultures.  Under 
these  conditions  much  greater  concentrations  of  homofiavine  would  un- 
doubtedly be  required  to  cause  complete  inhibition  of  s:rowth. 
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11  aii\*  ai'^nuiKMils  based  on  I'csiills'  in  ciiMuics  of  1  he  \y\H\  cniploN'cd  may 
he  a|)|)li(Ml  to  wounds  oi-  ot  lici'  lesions  associutcd  with  hacteiia  tlic  follow  iiifi 
conclusions  sccni  to  l>c  pci'missihlc  in  \  icw  of  the  (3X[j(M-inients  wfiictli  have 
been  (juotcd. 

(I)  No  satisfactory  results  niav  he  expected  from  the  use  of  a  dye  or 
alli(>d  compound  as  a  bactericidal  a«^eut  unless  th(^  wound  has  been  thoiou^hly 
cleansed  before  its  ai)[)lication,  since  the  complex  organic  fluids  present  are 
likely  to  interfere  with  the  action  of  the  solution. 

(1^)  The  most  beneficial  results  are  likely  to  be  ol)tai ned  if  the  solution  of 
the  compound  is  made  in  a  fluid  of  the  reaction  at  which  the  compound  acts 
most  efficiently,  provided  such  a  reaction  is  not  in  itself  harnifid  to  the 
tissues. 

(3)  Some  compounds  are  more  efficient  than  others  against  certain  si)ecies 
of  bacteria.  In  each  case  the  dyes  or  other  compounds  used  should  possess 
special  efficiency  against  the  organisms  ascertained  to  be  present  in  the 
wound  or  lesion. 

(4)  Solutions  of  these  compounds  are  most  likely  to  produce  satisfactory 
results  if  used  in  the  very  early  stages  of  infection  when  the  organisms  are 
few,  and  unaccustomed  to  the  new  conditions  in  which  they  find  themselves. 
Apart  from  killing  the  organisms  or  checking  their  growth  the  inhibitory 
action  of  certain  of  these  compounds  on  some  of  the  ferments  would  tend  to 
render  the  conditions  less  favourable  for  bacterial  growth  and  to  hinder  the 
production  of  toxic  substances.  When  the  organisms  are  very  numerous, 
growing  rapidly  accustomed  to  their  surroundings  and  protected  in  the  fluids, 
these  compounds  are  likely  to  be  much  less  effective. 

The  last  two  conclusions  based  on  culture  experiments  receive  some 
support  from  clinical  experience  with  acriflavine.  Kellock  and  Harrison  (1917) 
say  that  "an  interesting  point  noticed  lately  has  been  that  the  antiseptic 
flavine  appears  to  have  no  effect  on  B.  pyocyaneus/'  and  Taylor  (1917)  makes 
the  following  statement:  ''A  large  number  of  bacteriological  examinations 
of  wounds  under  treatment  with  different  solutions  has  been  recorded  and 
instances  of  the  specific  action  of  certain  dressing  solutions  demonstrated." 

Drummond  and  McNee  (1917)  conclude  that  "flavine  has  many  advantages 
as  a  primary  treatment,"  but  state  that  it  is  "  not  a  success  in  the  later  stages." 
Pearson  (1918)  states  that  "in  cases  where  infection  and  sepsis  are  active  and 
uncontrolled  the  use  of  flavine  following  suitable  operative  measures  has  no 
beneficial  effect  on  the  subsequent  progress  of  the  case  in  so  far  as  the  control 
of  sepsis  is  concerned." 

^  "It  is  generally  recognized  that  the  testing  of  substances  for  their  antiseptic  or  germicidal 
properties  is  fraught  with  innumerable  pitfalls  and  that  by  varying  the  conditions  of  testing 
almost  any  kind  of  result  may  be  obtained"  (Dakin  and  Dunham,  1917). 
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APPENDIX 
CLINICAL  OBSERVATIONS. 

Several  observers  very  kiiidl}'  testeil  the  action  on  wounds  ol  a  solution 
of  I  :  10,000  honioflavine  and  1  :  100,000  crystal  violet  in  distilled  water. 
Many  of  these  tests  were  carried  out  with  the  greatest  care,  the  descriptions 
being  accompanied  by  charts  showing  the  previous  treatment,  the  age  and 
extent  of  the  lesion,  the  rate  of  healing,  the  organisms  found  in  smears  and  in 
cultures,  etc.  In  some  instances  the  progress  of  two  similar  wounds  in  the 
same  individual,  one  treated  with  the  solution  mentioned  and  one  with  some 
other  antiseptic,  was  compared.  The  results  are  described  as  "dramatic," 
"very  successful,"  "successful,"  "moderate  success"  and  "unsuccessful." 

Careful  though  many  of  these  inquiries  have  been  they  have  not  revealed 
the  causes  of  the  very  divergent  results,  which  occurred  in  the  experience  of 
several  observers,  and  consequently  it  does  not  seem  necessary  to  publish 
the  cases  in  detail. 

All  the  observations  w^ere  made  on  relatively  old  wounds,  and  though 
they  afford  no  evidence  regarding  the  efRciency  of  the  solution  in  the  primary 
treatment  of  wounds,  they  show  that  old,  infected  wounds  may  be  treated 
sometimes  w^itli  "very  successful"  results.  To  ascertain  the  conditions  under 
which  successful  results  may  be  expected  in  such  lesions  requires  combined 
bacteriological  and  chemical  investigatipns  on  a  series  of  suitable  cases. 
Bacteriologically  the  species,  number,  rate  of  multiplication  and  symbiotic 
relationships  of  the  organisms,  and  chemically  the  reactions  of  the  fluids,  the 
substances  wdiich  iidiibit  the  actions  of  the  compounds,  and  especially  the 
products  of  tissue  decomposition,  due  to  bacterial  or  tissue  ferments,  available 
as  food  material  for  the  various  species  of  bacteiia,  influence  the  results. 

Apart  from  w^ounds  this  solution  was  employed  with  varying  results  in 
the  treatment  of  gonorrhoea.  Satisfactorv  and  even  "dramatic"  results  were 
obtained  in  several  cases  of  stomatitis,  gingivitis  and  pyorrhoea. 

A  1  :  10,000  solution  of  quinone  in  distilled  water  has  been  tested  on  a 
small  number  of  wounds  w^ith  varying  results.  Like  honioflavine  it  has  given 
excellent  results  in  some  cases  of  pyorrhoea. 

The  three  compounds  differ  so  greatly  in  their  powers  of  inhibiting  the 
growth  of  such  organisms  as  B.  colt,  staphylococci  and  B.  pi/ocyaneus  under 
varying  cultural  conditions  that  it  might  be  desirable  to  test  the  action  on 
wounds  of  a  solution  in  distilled  water  of  1  :  10,000  homoflavine,  1  :  10,000 
quinone  and  1  :  100,000  crystal  violet. 

Pharmacologically  these  compounds  are  very  inert,  as  shown  by  experi- 
ments which  Professor  A.  Pv.  Cushny,  F.R.S.,  Dr  W.  E.  Dixon,  F.R.S.,  and 
Dr  D.  Cow  very  kindly  carried  out. 


JOURNAL  OF  HYGIENE,  VOL   XVIII.     NO.    1 


PLATE 


6  11 


7  12 


8  13 


9  14 


10  15 


16 


17 


18 


19 


20 


Figs.  1—10 


Fios.  11—20 


Fiu.  21 


(J.  S.  (^raiiam-Smitit  ni 

EXPLANATION    OF    PLATE. 

Figs.    I    L'O.     IMiolo^iiiplis  to  sliow  lli(>  (lifT(.'ren(!e.s  of  growth  on  agur  after  24   lioms'  and  after 

48  hours'  iiicuhat  ion  at  37°  C. 
Figs.  1    10  r(>|)rcst'nt  Petri  dishes  (hvi(h'<l  according  to  (Jhnrchrnan's  (l!>)2)  nKttlujd  after  24  hours' 

incuhation  at  in^C.  The  left  side  in  each  eas(!i.sth(5  control,  and  contains  a  medium  eomposed 

of  agar  2  c.c,  o.\  [)aneroas  oxtraot'  0-5  c.v.,  distilled  water  1-0  c.c.,  and  N/10  soda  Or>  c.c. 

The  right  side  contains  a  medium  composed  of  agar  2  c.c,  ox   pancreas  extract  Of*  c.c, 

distilled  water  O-ii  c.c.  N/10  sochi  0-5  e  c,  and  the  solution  of  homoflavinc  0-4  c.c.    TIk; 

eoneentnition  of  hoiuodavino  in  dish  1  was   1  :  100,000,  in  dish  2   I  :  200,000  and  so  on  up 

to  1  :  1,000,000  in  dish  10. 

An  emulsio))  of  H.  coli  in  distilled  water  was  streaked  across  the  uj)i)(;r  part  of  each  side  of 

each  dish  and  an  emulsion  of  staphylococcus  across  the  low(!r  part  (jf  each  sid(^ 
Figs.  1-10  show  the  giowth  of  />'.  coli  in  each  case  on  the  control  side,  hut  in  most  cases  nf)  visible 

growth  of  the  staphylococcus.    On  the  right  side  no  visible  growth  of  either  organism  has 

occurred  in  24  hours  at  37°  C 

Figs.  11-20  represent  the  same  dishes  after  48  hours'  incubation.  On  the  left  or  control  sides 
considerable  growths  of  both  B.  call  and  staphylococcus  are  seen.  On  the  right  sides  a  slight 
growth  of  staphjdococcus  is  seen  first  in  fig.  14  with  a  concentration  of  1  :  400,000  homo- 
fiavine,  and  it  becomes  more  marked  in  the  later  dishes,  being  almost  equal  to  the  controls 
for  fig.  16  (homoflavinc  1 :  600,000)  onwards.  Growth  of  B.  coli  is  seen  first  in  fig.  16  with 
a  concentration  of  1  :  600,000  homoflavinc.  In  concentration  of  1 :  900,000  and  1  :  1,000,000 
(figs.  19,  20)  the  growths  are  equal  to  the  controls. 

These  photographs  indicate  sufficiently  the  necessity  for  adopting  a  rigid  time  limit  in 
recording  the  results  of  such  experiments. 
Fig.  21.  A  Petri  dish  on  the  bottom  of  which  two  vertical  streaks  of  plain  agar  were  made  (seen 
as  light  coloured  vertical  bands),  and  allowed  to  set.  Over  them  was  poured  a  medium 
composed  of  meat  extract  1  c.c,  agar  2  c.c,  N/10  soda  0-08  cc,  distilled  water  1-42  c.c  and 
0'5  c.c.  of  a  solution  of  homoflavinc,  making  a  final  concentration  of  1 :  17,000. 

An  emulsion  of  B.  coli  was  streaked  transversely  across  the  upper  part  of  the  dish,  and 
the  colonies  of  this  organism  are  seen  stretching  across  the  dish.  Across  the  lower  part  of  the 
dish  an  emulsion  of  staphylococcus  was  streaked.  It  will  be  noticed  that  the  colonies  of  this 
organism  are  growing  only  over  the  streaks  of  plain  agar. 

The  photograph  represents  the  condition  after  48  hours'  incubation  at  37°  C. 

^  Numerous  experiments  with  pancreas  and  other  organ  extracts  were  made,  but  have  not 
been  quoted^  as  new  factors  are  introduced  which  have  not  been  worked  out  sufficiently. 
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THE  TESTINCI  OF  ANTISEPTICS  TN  RELATION  TO 
THKIR  USE   IN  WOUND  TRKATMENTi. 

ByC.   II.   liilOWNING  AND  U.  GULBRANSEN. 

(Frohi  llic  Bland-Sutton  Institute  of  PathoUxjy,  the  Middlesex  Hospital.) 

In  ])ivvi()us  reports  (Browning,  Gulbransen,  Kennaway  and  Thornton) 
attention  was  directed  to  the  value  of  certain  experimental  tests  of  antiseptics 
as  an  indication  of  their  practical  value  in  the  treatment  of  infected  wounds, 
namely  the  estimation  of  antiseptic  potency  in  the  presence  of  serum  and  the 
rohitionship  between  this  property  and  toxicity  to  tissues.  In  regard  to  the 
latter  factor  it  was  pointed  out  that  toxicity  must  be  investigated  on  a  wide 
basis;  thus  determinations  were  made  of  the  eiTect  of  antiseptics  on  leucocytes, 
as  shown  by  alterations  in  their  phagocytic  properties,  and  on  an  epithelial 
membrane,  e.g.  the  conjunctiva,  as  evidenced  by  the  production  of  inflam- 
mation, and  also  the  toxicity  to  the  body  as  a  whole  was  estimated  in  cases 
where  the  substance  was  readily  absorbed  (see  Table  I).    It  was  emphasised, 

Table  I. 

Bactericidal  concentration  for 


Maximum  non- 
lethal  dose  for 
20  gram  mouse 

/- 

Staph.  (IK mis 

:  in 

B.  coH  (Escherich)  in 

07%  pep- 
tone water 

■N 

Serum 

0-7%  pep- 
tone water 

Serum 

0-003  gram 

1  :  20,000           1 

:  200,000 

1  : 4,000 

1  :  100,000 

0-0006     „ 

1  :  20,000           1 

:  200,000 

1  :  1,800 

1  :  100,000 

0-006       „ 

1  : 250                 1  ; 

:250 

1:500 

1:500 

OOOOl     „ 

1  :  1,000,000      1  ; 

:  10,000 

1  :  1,000,000 

1  :  10,000 

Substance 
Diainino-acridine  sulphate 

(proflavine)* 
Diamino-methyl  acridinium 

chloride  (acriflavine)* 

Phenol 

Mercury  perchloride 

Method  of  the  Tests.  The  toxicity  for  mice  was  determined  by  injecting  watery  solutions  sub- 
cutaneously,  the  dose  being  so  arranged  that  20  grm.  mouse  received  a  volume  of  1  c.c. ;  to  animals 
of  other  weights  corresponding  volumes  were  given,  but  mice  not  exceeding  the  limits  of  15-25 
grm.  were  selected  for  the  tests. 

*  It  has  been  suggested  that  the  increased  bactericidal  action  of  the  flavines  in  serum  is  merely 
an  instance  of  a  general  enhancement  of  toxicity  due  to  serum;  as  might  be  anticipated  the  in- 
jection of  the  dose  in  80  per  cent,  serum  instead  of  a  watery  solution  does  not,  however,  alter  the 
fatal  dose. 

however,  that  the  susceptibility  of  different  tissues  toward  a  given  chemical 
compound  may  vary  greatly  and  that  this  important  character  in  substances 
destined  for  use  as  antiseptics  requires  much  further  investigation;  the 
impossibility  of  using  strychnine,  even  if  it  were  a  potent  antiseptic,  owing 
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to  its  specialised  toxic  action  on  the  nervous  system  was  cited.    Tlie  result  of 
our  work  on  these  lines  pointed  to  the  value  of  certain  basic  benzol  derivatives 
— brilliant  green — and  acridine  compounds — acriflavine  and  proflavine.    In- 
dependent clinical  observations  (Ligat,  James)  supported  the  view  that  the 
sum  total  of  tests  which  we  had  applied,  constituted  a  trustworthy  guide  to 
the  therapeutic  value  of  these  antiseptics  and  afforded  indications  as  to  the 
suitable  means  of  application.    In  the  interest  of  further  progress  it  was 
obviously  of  great  importance  that  the  significance  of  suitable  laboratory 
tests  should  be  established  as  a  guide  to  practical  use,  since  such  investigations 
constitute  an  essential  preliminary  to  clinical  trials.   Subsequent  observations 
by  Drummond  and  McNee,  Carslaw,  Carslaw  and  Templeton,  and  Pilcher 
and  Hull,  have  added  greatly  to  our  knowledge  of  the  therapeutic  value  of 
the  flavine  compounds  both  for  prevention  and  treatment  of  sepsis,  and  the 
clinical  material  on  which  the  reports  are  based  (over  5000  cases  in  Pilcher 
and  Hull's  series)  indicates  the  representative  nature  of  the  tests.  From  these 
investigations  the  result  emerges  that,  employed  in  conjunction  with  operative 
measures,  salts  of  certain  basic  organic  compounds,  especially  the  fiavines 
and  also  brilliant  green,  are  capable  of  yielding  valuable  therapeutic  results 
when  applied  by  the  relatively  simple  and  rapid  method  of  packing  with 
gauze  soaked  in— not  wrung  out  of— a  solution  of  the  antiseptic  and  an  impor- 
tant feature  of  the  fiavines  is  that  infrequent  renewal  in  the  wound  suffices 
to  maintain  their  effect.   This  may  be  advantageously  provided  for,  on  occasion, 
by  a  valved  tube  according  to  Kellock's  method.    The  satisfactory  action  of 
infrequent  renewal  of  the  antiseptic  seems  clearly  to  be  correlated  with  the 
continued  activity  of  the  flavine  compounds  in  the  presence  of  serum.   The 
importance  of  interrupting  the  application  of  flavine  after  a  certain  stage, 
owing  to  an  inhibition  of  healing— not  to  any  destructive  action  on  existing 
tissues— which  may  supervene,  is  a  valuable  practical  contribution  to  our 
knowledge  of  the  use  of  these  compounds  which  has  been  established  by  the 
above-named  clinical  observers  (see  also  Bashford,  Hartley  and  Morrison). 
Several  investigators,  however,  have  published  results  of  laboratory  investi- 
gations tending  to  the  conclusion  that  we  have  exaggerated  the  properties 
of  the  flavine  compounds;  accordingly,  a  number  of  points  which  have  been 
raised  relative  to  the  action  of  these  antiseptics  on  bacteria  will  be  dealt 
with  here.    Their  action  on  the  tissues  will  be  discussed  elsewhere. 

THE  CHOICE  OF  A  MEDIUM  FOR  TESTING  ANTISEPTICS. 
Serum  was  originally  selected  because  serous  exudate  constitutes  practi- 
cally the  diluent  to  which  an  antiseptic  is  exposed  in  a  wound,  both  when 
recent  and,  also  at  a  later  stage  when  a  granulating  surface  is  mechanically 
cleansed  from  pus.  The  fact  that  serum  intensifies  the  bactericidal  action  of 
the  fiavines,  especially  in  the  case  of  B.  coli,  has  been  met  by  the  statement 
that  serum  is  a  poor  culture  medium  and  it  has  been  suggested  that  the 
intensifying  effect  is  merely  a  summation  of  the  inhibitory  properties  of  serum 
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iiiid  of  ( lir  ;ml  isi'pl  ic.  Tlic  crioi'  of  tiiosc  views  becomes  clearly  a]>j)ai('iil,  when 
Olio  teats  a  number  of  specimens  of  serum  and  also  a  vtiriety  of  antiseptics.  Thus, 
w  hile  some  sp(>cimens  of  ox  serum  a  IToid  a,  rehitively  ])oor  medium  foi-  the  pro- 
liferation of  /).  coli,  otliers  yiehl  excellent  growths.  On  what  this  depends  has 
not  been  determined  :  (lie  unsuitable  sera  are  usnally  those  which  are  practically 
colourless;  but  the  dinerencc  has  not  been  found  to  depend  on  factors  such 
as  length  of  contact  with  the  clot  or  the  addition  of  a  trace  of  laked  red 
corpuscles.  The  intensifying;  action  of  serum  on  the  bactericidal  property  of 
flavine  is  well  shown  in  the  case  of  sera  which  are  favourable  to  bacterial 
irjowt  li.  The  addition  to  the  serum  of  an  amount  of  trypsin  (see  Dou^^las  and 
Colebrook)  which  augments  the  properties  as  a  medium  of  unfavourable 
specimens,  has  not  been  found  to  alter  distinctly  its  intensifying  action  for 
flavine^.  The  summation  theory  is  further  disproved  by  finding  substances 
which  are  extremely  potent  antiseptics  in  watery  medium,  but  whose  action 
is  greatly  reduced  by  serum,  e.g.  in  the  case  of  brilliant  green  with  B.  coli — 

Concentration  in  0-7  %  peptone  water  which  kills  =  1  :  130,000. 

Concentration  in  serum  which  fails  to  kill  =  1  :  5000  (result  obtained  by 
subculture  after  48  hours:  the  control  culture  in  serum  without  antiseptic 
yielded  abundant  growth). 

If  admixture  with  serum,  in  addition  to  merely  diluting  the  antiseptic, 
also  neutralises  its  effects,  then  frequent  renewal  of  the  substance  will  be 
essential  in  order  to  obtain  efficient  action  in  a  wound.  This  is  the  case  with 
all  the  common  older  antiseptics  in  watery  solution  except  carbolic  acid; 
such  frequent  renewal  exposes  the  body  as  a  whole  to  the  danger  of  toxic 
effects  should  absorption  occur;  phenol  and  mercuric  chloride  are  potent 
poisons  when  absorbed,  hence  their  applicability  is  strictly  limited.  On  the 
other  hand,  the  hypochlorites  have  the  great  advantage  of  being  converted 
into  harmless  compounds  in  contact  with  the  tissues,  but  the  "complicated 
hydraulic  system,"  as  Dakin,  Lee,  Sweet,  Hendrix  and  Le  Conte  term  it, 
which  is  necessitated  by  the  unstable  nature  of  these  antiseptics  in  watery 
solution,  in  order  to  obtain  efficient  action,  renders  the  suggestion  of  their 
general  use  practically  a  counsel  of  perfection.  Brilliant  green  (first  used  by 
Leitch,  see  also  Ligat  and  Webb)  although  diminished  in  action  by  serum, 
is  highly  potent  and  is  scarcely  absorbed;  on  the  other  hand,  the  flavines 
while  absorbed  are  very  little  toxic,  as  was  demonstrated  by  the  fact  that 
relatively  large  amounts  could  be  administered  intravenously  (intravenous 
administration  has  now  been  practised  on  an  extensive  scale  in  cases  of  trench 
fever — Byam,  Dimond,  Sorapure,  Wilson  and  Peacock). 

As  regards  the  action  of  other  media,  pus  diminishes  the  antiseptic  power 

*  Subsequent  experiments  have  shown  that  the  commercial  preparation  of  trypsin  which  has 
been  recommended  for  use  varies  considerably,  thus  two  specimens  acted  as  above  stated;  a  third, 
however,  in  similar  concentrations  produced  great  alteration  of  the  serum,  as  shown  by  abundant 
formation  of  tyrosine  crystals  without  any  bacterial  contamination.  Such  profoundly  altered 
scrum  ceased  to  give  a  marked  intensification  of  the  antiseptic  effect  of  the  Havincs.  This  point  is 
being  investigated  further. 
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of  the  flavines,  as  was  shown  in  our  first  report  (confirmed  by  Fleming,  and 
Parry  Morgan).  Defibrinated  blood  diminishes  the  action  as  we  demonstrated 
(confirmed  by  Fleming,  Dakin  and  Dunham,  Parry  Morgan). 

Milk  diminishes  the  action  (Hewlett),  so  does  minced  meal  (Fleming), 
which  also  removes  the  bactericidal  properties  of  blood  serum.  Dakin  and 
Dunhain  have  used  further  a  mixture  of  watery  muscle  extract  with  serum. 
It  would,  of  course,  be  of  great  value  if  an  antiseptic  were  to  act  equally  well 
in  all  media,  but,  this  is  probably  impossible  and  even  if  an  antiseptic  could 
be  disseminated  in  potent  concentration  by  the  blood  stream  it  would  still 
fail  to  penetrate  effectively  into  any  considerable  mass  of  necrotic  tissue,  hence 
operative  interference  must  be  an  essential  factor  in  wound  treatment.  As 
regards  the  use  of  these  other  media,  whose  effect  in  neutralising  flavine  seems 
to  have  been  regarded  as  an  important  observation  by  some  of  the  investi- 
gators above  mentioned,  no  cogent  argument  has  been  adduced  to  show 
that,  as  compared  with  serum,  all  or  any  of  them  constitute  a  more  rational 
test  medium  for  ascertaining  the  value  of  antiseptics  in  wounds.  Milk  and 
minced  meat  are  clearly  of  only  remote  application,  while,  as  we  have  re- 
peatedly pointed  out,  pus  is  not  the  medium  in  which  an  antiseptic  is  required 
to  act.  Before  application  of  an  antiseptic  pus  and  necrotic  tissue  shoidd  be 
removed  mechanically;  the  layer  of  granulation  tissue  into  contact  with 
which  the  solution  then  comes  is  widely  different  from  pus  in  its  physical 
characters.  We  have  throughout  endeavoured  to  employ  tests  which  possess 
"heuristic"  value,  and  consider  that  the  test  in  serum  has  been  shown  to 
belong  to  this  category,  whereas  no  proof  has  been  afforded  that  the  others 
do.  It  has  been  pointed  out  that  the  flavines  are  compatible  with  hypertonic 
saline  up  to  5  %  NaCl;  hence  a  means  was  provided  for  regulating  to  some 
extent  the  amount  of  serous  fluid  in  the  wound.  This  combination  of  flavine 
with  hypertonic  saline  has  been  advantageously  employed  by  Pilcher  and  Hull. 


METHODS  OF  TESTING  ANTISEPTIC  POTENCY— BACTERIOSTATIC  ACTION 
IN  RELATION  TO  TOXICITY  (EFFECT  ON  PHAGOCYTOSIS). 

We  pointed  out  originally  that  the  flavines  and  brilliant  green  bring  about 
the  death  of  bacteria  comparatively  slowly ;  but  apart  from  lethal  action,  very 
great  dilutions  of  these  compounds  are  effective  in  checking  bacterial  multi- 
plication, that  is,  they  exhibit  a  high  degree  of  bacteriostatic  action,  to  use 
Gildersleeve's  term,  and  so  act  as  potent  antiseptics  sensu  sfricto.  On  the 
other  hand,  substances  such  as  mercuric  chloride,  phenol  and  chloramine-T 
all  produce  their  maximum  eft'ect  rapidly  (within  two  hours)  and  no  significant 
action  occurs  subsequently,  i.e.  concentrations  of  the  latter  substances  which 
fail  to  prove  lethal  quickly,  exert  little  or  no  effect  on  the  multiplication  of 
surviving  bacteria.  In  addition,  when  it  is  remembered  that  serum  neutralises 
these  antiseptics — except  phenol — the  need  for  frequent  renewal  becomes 
clear;  but  the  high  toxicity  of  mercuric  chloride  and  of  phenol  (which  is  a 
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very  weak  aiitiso|)ti(')  in  relation  (o  (licii-  aiilisei)tic  potency  preclude  un- 
restrich'd  icncw.il. 

It  ;i|»|)(Mi-e(l  that  hactoriostatic  action  was  a  most  valuable  property  for 
wonnd  tli(Miii)V  nnd,  because  the  seious  exudate  in  tlxi  wound  did  not 
neutralise  the  lla vines,  mere  slowness  of  lethal  action  as  determined  in  vitro 
mattered  little;  the  organisms  under  the  influence  of  the  antiseptic  were,  so 
to  speak,  controlled  from  the  beginning.  A  strikin<(  confirmation  of  this  is 
alTorded  by  the  observations  of  Drummond  and  McNee  and  also  of  (Jarslaw 
and  Templeton,  who  found  that  in  spite  of  the  presence  of  bacteria  in  wounds 
treated  with  Haviiu^  there  is  a  lu^table  absence  of  both  the  local  and  the 
fjeneral  phenomena  of  inflammation  and  of  septic  infections.  Experimental 
evidence  bearing  on  the  co-operation  of  antiseptics  with  the  tissues  in  over- 
coming infection  will  be  published  elsewhere. 

Methods  of  testing  antiseptics  in  vitro,  whose  sole  aim  is  to  detect  wliether 
or  not  every  viable  organism  has  been  destroyed,  may  fail  altogether  to  afford 
a  true  estimate  of  the  potency  of  a  substance  for  therapeutic  purposes.  Thus, 
Fleming  and  Hewlett  inoculated  fluid  medium  with  the  mixture  of  organisms 
and  antiseptic  and  so  obtained  no  information  as  to  the  numbers  of  organisms 
which  had  been  killed  short  of  total  sterilisation.  We  have  always  made 
subcultures  from  the  antiseptic  mixtures  on  to  solid  media,  so  as  to  determine, 
by  means  of  the  number  of  colonies,  whether  the  bacteria  had  increased  or 
decreased.  As  the  inoculation  dose  of  organisms  we  originally  chose  a  rela- 
tively minute  number;  the  medium  is  not  thereby  rendered  turbid  at  the 
time  of  inoculation,  accordingly,  if  the  mixture  develops  opacity  later  on, 
this  indicates  that  free  proliferation  of  the  organisms  has  occurred.  It  was 
felt,  however,  that  the  use  of  a  minute  inoculation  exposed  our  work  to  the 
objection  that  the  antiseptic  could  not  inhibit  larger  numbers  of  bacteria; 
accordingly,  our  second  report  contained  experiments  with  much  larger 
amounts  of  organisms,  and  it  was  shown  in  the  case  of  acriflavine  and  B.  coli 
that  a  twenty-thousand-fold  increase  in  the  inoculation  dose  necessitated 
only  about  a  two-and-a-half-fold  increase  in  the  amount  of  antiseptic  required 
to  produce  complete  sterilisation.  However,  without  direct  reference  to  this 
latter  work,  our  results  with  the  basic  organic  antiseptics  have  been  ascribed 
by  Fleming,  Hewlett,  and  Dakin  and  Dunham  to  the  use  of  minute  doses  of 
organisms,  which  have  been  stated  to  lead  to  an  exaggeration  of  the  potency 
of  the  flavines  as  compared  with  other  compounds.  Accordingly,  further 
tests  have  been  performed,  using  larger  amounts  of  organisms  in  conformity 
with  the  experiments  of  Dakin  and  Dunham. 

The  following  is  an  example : 

A  24-hour  agar  slope  culture  of  Staphylococcus  aureus  was  suspended  in  o  c.c.  of  0-85  per 
cent.  NaCl  solution:  0-025  c.c.  each  of  a  1  :  100,000  and  1  :  1,000,000  dilution  of  this  sus- 
pension when  plated  on  agar  yielded  respectively  175  and  21  colonies,  hence  it  may  be 
concluded  that  the  stock  suspension  contained  about  750  million  organisms  per  cubic 
centimetre. 
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To  a  series  of  tubes  t»ach  containing  1  c.c.  ox  serum  (heated  previously  for  \  hour  ai 
55°  0.)  Ole.c.  of  the  Staphylococcus  suspension  was  added  and  also  0-1  e.e.  of  varying 
diluticuis  of  the  antiseptic  in  water  ("strong  inoculation"  series).  In  the  "weak  inoeida- 
tion"  series  the  inoculation  dose  of  staphylococci  was  0-1  c.c.  of  a  I  :  HMX)  dilution  of  a 
24-hour  peptone  water  culture.  After  incubation  of  the  mixtures  of  organisms  and  anti- 
septic at  37^  ('.  for  24  hours  a  loopful  from  each  tube  was  stroked  on  agar;  wliich  was  then 
incubated  for  48  hours.    'J'hc  results  were  as  follows: 

Table  II. 

Results  of  Subculture  from  Mijtures  o/ Staphylococcus  aiirons  (itul 
FJarines  after  24  hours'  contact  at  37°  C\ 

AcRiPLAviNE  Proflavine 

Concentration  Strong  Weak  Strong 

of  antiseptic  Weak  inoculation  inoculation  inoculation  inoculation 

1:40(),()()0  Marked  diniiiuition                    —                 8  colonies                                     

1  :  200,000  Sterile                                           —  Sterile  _ 

1  :  130,000  „  Diminution  ,,                       Diminution 

1  :  100,000 

1  :  40,000  „  Sterile  „  About  a  dozen  colonies 

1  :  20.(X)0 

'  "  "  >»  >>  »j 

1  :  13,000 

"  '"  "  >»  »>  ?> 

(Sterile  in  48  hours) 
1:^'000  „  „  ^,  .sterile 

Controls  after  incubation: 

Weak  inoculation  without  antiseptic— one  loopful  of  a  1  :  100.000  dilution  yielded  22  colonies. 

Strong  inoculation  without  antiseptic— one  loopful  of  a  1  :  100,000  dilution  yielded  30  colonies. 

Parallel  experiments  with  the  strong  inoculation  in  a  medium  containins?  33  ])er  cent,  serum 
yielded  tl»e  same  result  as  those  with  full  serum. 

In  this  and  the  following  table  "Diminution"  =  diminished  number  of  colonies  in  subculture 
as  compared  with  control  without  antiseptic. 

In  all  cases  the  culture  tubes  were  well  shaken  before  making  subcultures,  so  that  any  fallacy 
due  to  spontaneous  sedimentation  is  excluded. 

It  might  be  objected  that  a  loopful  was  an  insufficient  sample  to  take  from 
each  specimen;  but  the  fact  that  a  loopful  of  a  1  :  100,000  dilution  of  the 
inoculated  serum  controls  without  antiseptic,  after  incubation,  yielded  several 
dozen  (22-36)  colonies  (see  also  Table  III);  proves  that  there  is  here  no  fallacy. 
Since  the  large  inoculation  dose,  as  employed  by  Dakin  and  Dunham,  imparts 
a  marked  turbidity  to  the  mixture,  it  was  considered  important  to  determine 
the  relative  number  of  viable  organisms  present  in  the  control  tubes  con- 
taining serum,  but  no  antiseptic,  not  only  at  the  commencement  of  the 
experiment,  but  also  after  incubation.  In  order  to  do  this  a  series  of  decimal 
dilutions  was  prepared  in  both  cases  and  a  loopful  from  each  was  stroked  on 
agar;  this  simple  procedure  may  be  recommended  as  of  sufficient  accuracy  for 
practical  purposes,  while  it  saves  time  and  materials  consumed  by  plating  a 
series  of  dilutions.  The  results  after  incubation  of  the  plates  for  48  hours 
were  as  follows: 
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Table  Hi. 

Smum  j'hix  Scrum  jduH 

Wi'iik  inoculation  Hubcultured  Stron><  inoculation  Hubcuitured 

Dilution  lit  on(H'  aftci  UMioiuh  at  37  (.'.  at  omu  after  li4  liours  at  37"C. 

riidilutt'd         20  f(tl<)ni('s       I  Iojmo^^mmicouh  .slroko  lloinogenoouH  stroke  Hoinot^c^ncouH  stroke 

1:10  —  Sliulil      (Iccrcasc     in  llomo^cnoous  strokes  DiHcrctc     l)iit     closely 

(leiisity  of  ^rowtli  udjaeerit  (;()l(>ni(!S 

I  :  loo  —  Discrete  hut  closely     Slight     docroasc     in  ., 

julj.uMMit   (joloiiies  density  of  <rro\vtli 

I  :  1,000  —  Marked    decrease    in      Discrete  hut  closely  „ 

nuinher  of  colonies         adjacent  colonies 

1:10.000  —  55  colonies  „  Marked      decrease      in 

numher  of  cfjlonies 

1:100.000  —  22       „  ,,  36  colonies 

Tlio  results  illustrated  in  Tables  II  and  TIT  show: 

(1)  Controls:  the  large  amount  of  organisms,  as  used  for  inoculation  by 
Dakin  and  Dunham,  did  not  maintain  itself,  i.e.  in  spite  of  some  proliferation, 
as  evidenced  by  increase  in  turbidity  of  the  culture,  the  large  inoculation  led 
to  increased  death  of  bacteria,  so  that  viable  organisms  were  more  numerous 
at  the  beginning  than  at  the  end  of  the  experiment.  It  is  obvious,  therefore, 
that  this  is  not  the  most  suitable  amount  of  organisms  for  testing  the  pro- 
perties of  a  progressivelv  acting  antiseptic,  since  under  the  conditions 
arranged  by  Dakin  and  Dunham  the  organisms  diminish  in  the  absence  of 
any  antiseptic. 

(2)  With  Acriflavine,  in  spite  of  the  enormous  number  of  organisms  in  the 
strong  inoculation  series,  the  lethal  concentration  (1  :  40,000)  w^as  not  more 
than  five  times  that  found  with  the  weak  inoculation;  further,  a  concentration 
of  1  :  130,000  produced  a  definite  lethal  effect  on  the  organisms  in  the  strong 
inoculation  series.  In  the  case  of  Proflavine  it  is  clear  that  the  result  for 
practical  purposes  is  the  same,  but  there  is  a  longer  range  of  persistence  of 
viable  organisms  before  complete  sterility  is  attained.  Thus  a  loopful  from 
the  undiluted  mixture  containing  proflavine  1  :  40,000  yielded  only  a  dozen 
colonies,  w^hereas  the  control  without  antiseptic  when  diluted  1  :  100,000 
yielded  36  colonies  in  a  loopful;  therefore  there  can  be  no  question  as  to 
the  powerful  bactericidal  action  exerted  by  this  high  dilution  of  the  anti- 
septic. Such  an  effect  will  fail  to  be  observed  when  testing  results  merely  by 
subculturing  into  fluid  medium,  as  practised  by  Fleming  and  Hewlett,  w^here 
one  viable  organism  w^ill  yield  a  growth;  this  would  account  for  their  con- 
clusion that  our  original  findings  were  exaggerated. 

The  following  is  a  similar  experiment  in  which  acriflavine  and  proflavine 
were  tested  with  large  and  small  amounts  of  B.  coli. 

Method  as  above:  the  strong  inoculation  contained  about  5000  miUion  more  organisms 
than  the  weak  inoculation.   The  results  are  shown  in  Table  IV 

The  Control  iveak  inoculation  subcultured  at  once  yielded  220  colonies  in 
a  loopful  and  after  incubation  1:10,000,  1:100,000,  and  1  :  L000,000 
dilutions  yielded  05,  .30  aiid  2  colonies  in  a  loopful  respectively. 
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Table  IV. 

Results  of  SabcuUare  Jroni  Mixtures  of  B.  coli  (uu/  Fluvines  njlfi 
24  hours'  confucf  at  "M '  (\ 


Dilution 

ACRI 
Weak  inoculation 

FLAVIN  E 

'vVeak 

Pko  FLA  VINE 

StroiiK  inoculation 

inoculation 

Strong  Inoculation 

:  400,000 

Cirovvtli 

— 

Dijiiinuti 

ion 

— 

:  200,0(M 

A  tew  colonies 
(sterile  in  4S  h 

ours) 

— 

A  few  c-o 

(sterile  i 

Ionics 

in  48  ijours) 

— 

:  100,000 

do. 

Growth 

Sterile 

A  few  colonies 

(sterilein48}iours) 

:  40,000 

— 

A  few  colonies 
(sterile  in  48  hours) 

" 

Sterile 

:  20,000 

— 

»» 

»» 

>t 

:  13,0(X) 

— 

Sterile 

»» 

>* 

Controls  after  incubation : 

Wedh  inoculation  witliout  antisej)tic — one  loopful  of  a  1  :  100,000  dilution  yielded  30  colonies. 

Slrong  inoculation  without  antiseptic — one  loopful  of  a  1  :  100,000  dilution  yielded  1  colony. 

Parallel  experiments  with  33  per  cent,  serum  medium  o;ave  the  >ame  result  as  full  serum  in  the 
case  of  the  strong  inoculation. 

The  Control  receiving  the  strong  inoculation  yielded  118  colonies  in  a 
loopful  of  a  ten-thousand-million-fold  dilution  at  once,  but  after  incubation 
for  2t  hours  a  loopful  of  1  :  10,000,  1  :  100,000  and  1  :  1,000,000  dilutions 
yielded  30,  1  and  0  colonies  respectively;  hence  with  B.  coli  the  strong  inocu- 
lation shows  even  a  more  marked  disadvantage  as  a  test  method  than  in  the 
case  of  staphylococcus,  owing  to  spontaneous  death  of  the  organisms. 

It  is  striking  that  in  the  case  of  B.  coli  as  compared  with  Staphylococcus 
aurens  the  behaviour  of  acriflavine  and  proflavine  seems  to  be  reversed  and  the 
former  now  tends  to  cause  the  wider  zone  of  bacteriostatic  action  before 
complete  sterilisation  is  attained ;  whethei'  this  is  the  invariable  result  w^ith  the 
two  substances  we  have  not  sufficient  evidence  to  show,  but  the  general  result 
is  the  same  with  both  compounds,  viz.  that  the  strong  inoculation  requires  for 
practically  complete  sterilisation  at  the  most  2J  times  the  minimum  lethal 
concentration  required  by  the  weak  inoculation. 

Accordingly,  great  increase — many  million-fold — in  the  number  of 
organisms  in  the  inoculation  dose,  causes  merely  an  insignificant  increase — 
2|-5-fold — in  the  concentration  of  the  flavin es  necessary  for  practicall}' 
complete  sterilisation  with  Staphylococcus  and  B.  coli]  further,  the  occurrence 
of  bacteriostatic  action  in  much  higher  dilutions  is  a  characteristic  property 
of  these  substances. 

We  would  again  specially  emphasise  the  therapeutic  value  of  substances, 
like  the  fla vines,  which  possess  such  powerful  bacteriostatic  properties  and 
which  are  at  the  same  time  relative^  non-toxic  to  the  tissues  and  are  not 
neutralised  by  serum.   We  had  previously  drawn  attention  to  the  ratio 

concentration  of  substance  which  inhibits  phagocytosis 
concentration  causing  death  of  organisms  in  serum 

as  one  means  of  measuring  the  suitability  of  antiseptics  for  acting  in  a  wound. 
The  significance  which   we  attached  to  this  therapoitic  coefficient  has  been 


C.     II.    HkOWXINC    and    R.    (iJl'LI'.KANSKX  41 

qiiestioiHMl  hccnusc  llic  time  oi  exposuic  ol  ()F</aiii.srns  nwd  ol  leucocytes  to 
the  antiseptic  was  not  the  same  (Fleming'),  hut  this  criticisin  lails  altogether 
to  lake  aceount  of  tlie  fad  that,  sliort  of  piodurniifr  actual  death  of  the 
<ni:anisMis,  bacteriostatic  aet  ion  is  (?xei"te(l  hy  these  antiseptics.  Tlius,  although 
the  bacteria  may  still  be  capable  of  ])r()liferating  when  removed  into  culture 
ujedium  and  out  of  contact  with  the  antiseptic,  this  is  of  little  [)ractical 
importance  as  compaicd  with  th<>  fact  that  their  activities  are  inhif)ited  when 
the  antiseptic  is  ])resent.  Wright  has  also  recently  emphasised  as  an  "all 
im})ortant  princi})le"'  that  the  actual  state  of  bacteria  under  conditions 
unfavourable  to  their  activity  (as  where  they  are  in  contact  with  leucocytes 
in  his  observations  or  with  antiseptics  in  our  work)  is  not  accurately  shown  by 
a  method  which  proceeds  to  place  the  organisms  under  the  most  favourable 
circumstances  for  producing  a  culture. 

In  the  case  of  the  flavine  antiseptics  there  exists  such  a  wide  range  between 
the  weakest  concentration  which  will  suffice  to  inhibit  and  eventually  to  kill 
organisms  in  a  serous  medium  on  the  one  hand,  and  on  the  other,  the  great 
strength  which  is  required  to  paralyse  phagocytosis^  (see  our  previous  reports), 
that  antiseptic  action  and  the  natural  defensive  processes  can  be  expected  to 
go  on  side  by  side.  No  other  antiseptic  which  has  been  tested,  affords  results 
which  justify  the  belief  that  with  it  such  will  occur  to  anything  approaching 
the  same  extent. 

Of  late  there  has  been  a  tendency  to  question  the  importance  of  the 
leucocytes  as  a  defensive  mechanism  in  infections.  Thus,  prominence  has 
been  given  to  the  fact  that  organisms  which  have  been  ingested  by  leucocytes, 
may  be  protected  from  the  lethal  action  of  antiseptic  solutions  (Jones  and 
Rous) ;  further,  dissemination  of  infection  has  been  attributed  to  the  transport 
of  organisms  enclosed  in  leucocytes,  and  recrudescence  has  been  explained 
by  renewed  activity  of  phagocytosed  bacteria.  The  recent  important  experi- 
ments of  Alexander,  however,  serve  to  restore  perspective  to  the  view  of  the 
anti-infective  properties  of  the  leucocytes — this  worker  found  that  virulent 
pneumococci  when  incubated  along  with  antipneumococcus  serum  and  leuco- 
cytes for  a  few  hours  (six),  became  attenuated,  although  they  were  not  killed, 
whereas  neither  the  antiserum  nor  the  leucoc3^tes  b}^  themselves  produced 
this  effect  on  the  organisms.  Thus,  there  is  a  good  reason  for  taking  into 
consideration  the  action  of  any  proposed  therapeutic  agent  on  the  activity 
of  leucocytes  when  considering  the  properties  which  will  determine  its  efficacy 
in  the  treatment  of  infections. 

^  Parry  Morgan  has  also  investigated  the  occurrence  of  phagocytosis  in  vitro  in  the  presence 
of  acriflavine  and,  since  marked  agglutination  occurred  in  the  mixture,  has  expressed  the 
opinion  that  possibly  "  the  phagocytosis  was  more  apparent  than  real  and  that  the  organisms 
merely  adhered  to  the  phagocytes  and  were  not  ingested."  We  did  not  consider  it  necessary 
to  refer  to  this  point  in  our  first  report,  since  we  had  found  that  similar  agglutination  occurred 
with  other  substances,  but  that  owing  to  the  toxic  effect  of  the  latter  phagocytosis  did  not  take 
place  and  there  were  then  no  appearances  which  resembled  the  ingestion  of  organisms  by  the 
leucocytes  observed  in  the  experiments  with  flavine  ;  thus  if  was  erident  that  phagociifosis 
occurred  in  the  'presence  of  flavine. 
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THE  TESTIXCi  <W  ANTISEPTICS  OF  THE  CHLORINE  GROUP. 

Dakin  and  Dunham  have  recently  observed  that  "in  making  tests  of  the 
germicidal  efficiency  of  any  antiseptic  there  seems  to  be  no  good  reason  for 
not  foHowing  the  order  of  mixing  the  materials  indicated  by  the  conditions 
of  {)ractical  use^namely,  to  add  the  antiseptic  last  to  the  inoculated  medium." 
With  reference  to  our  work  they  proceed  further,  "the  lethal  concentration  of 
chloramine-T  in  serum  is  stated  to  be  1  :  250  without  reference  to  much  lower 
concentrations  already  published  by  others.  The  discrepancy  is  due,  in  the 
main,  to  the  fact  that  the  antiseptic  was  added  first  to  the  medium  and  the 
organisms  last."  We  have  now  repeated  our  experiments  (a)  in  the  manner 
postulated  by  Dakin  and  Dunham,  and  (/>)  in  the  way  in  which  they  were 
previously  performed,  i.e.  adding  the  antiseptic  to  the  serum  and  then  adding 
the  organisms  within  2  to  3  minutes  afterwards,  i.e.  following  Dakin's  own 
previous  publication  in  which  this  statement  appears,  ^^Detennination  of 
Germicidal  Action..  .  .A  series  of  tubes  each  containing  5  c.c.  of  a  solution  of 
the  substance  at  a  progressively  decreasing  concentration  is  first  of  all  pre- 
pared, ^nd  to  each  tube  the  organism  is  added. .  .  .  The  tests  carried  out  in 
the  presence  of  blood  serum  were  performed  in  the  same  way,  only  the  liquid 
in  the  first  series  of  tubes  contained  50  per  cent,  of  horse  serum  previously 
heated  at  55°-56°  C."  The  results  in  both  series  are  identical  and  confirm 
our  previous  figure  (see  Table  V).  We  have  been  able  to  show  that  the  differ- 
ence between  our  results  and  Dakin's  is  due  mainly  to  the  fact  that  Dakin 
originally  employed  50  per  cent,  serum — later  Dakin  and  Dunham  used 
33  per  cent,  serum — whereas  in  our  experiments  the  antiseptic  mixtures 
contained  over  80  per  cent,  of  serum  (in  our  experience  80  per  cent,  heated 
ox  serum  is  a  more  favourable  medium  for  the  growth  of  staphylococci  than 
is  40-50  per  cent,  serum). 

The  following  is  an  example: 

Medium  =  ox  serum — previously  heated  at  55°  C.  for  |  hour — in  each  tuhe  I  c.c.,  [a)  of 
undiluted  serum,  (6)  of  serum  diluted  with  an  equal  volume  of  0-85  per  cent.  NaCl  solution. 
Chloramine-T  stock  solution  =  1  :  23-3  (the  strength  of  this  solution  was  verified  by  titration 
both  immediately  before  and  after  the  time  of  employment  in  the  experiment).  Inocu- 
lation dose  of  organisms  =  0-1  c.c.  of  1  :  1000  dilution  of  a  24-hour  peptone  water  culture 
of  Staj)hi/Iococcus  aureus.  In  series  A  the  organisms  were  added  to  the  medium  first  and 
then  the  chloramine  solution;  in  series  B  the  chloramine  was  added  first  and  then  the  cocci 
after  an  interval  of  2-3  minutes.  As  a  control  acrifliivine  in  undiluted  ox  serum  was  tested. 
Sub-cultures  were  made  on  agar  after  24  hours'  incubation  at  37°  C.  The  results  are  shown 
in  Table  V. 

These  results  confirm  our  original  figures,  although  in  the  present  instance 
20  times  as  many  organisms  were  employed  for  the  inoculation  as  previously. 
It  may  be  noted  here  that  to  dismiss  the  use  of  small  numbers  of  bacteria  as 
unsuitable  for  testing  the  action  of  an  antiseptic  in  vitro,  since  a  similar 
number  in  a  wound  borders  on  "surgical  sterility,"  is  entirely  beside  the  point. 
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Tabic  V. 


Action  of  (^hh)r<iin'nic-T  on  Sta|)}iylococcu.s  aureus. 
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Control:  ('oncontr;itif)n  of  acriflavino  in  undiluted  .sc^nim,  I  :  400,000    -I- , 

1  :  200,000    -. 
+  ^growth  in  subcuHuic  on  aL'ar. 
-  =no  growth  in  subcultiiro. 

In  a  wound  one  is  dealing  with  mechanisms  inimical  to  the  organisms  (due 
to  the  leucocytes,  etc.),  which  do  not  operate  in  vitro,  hence  the  small  number 
of  organisms  introduced  into  the  culture  medium  is  by  no  means  subjected 
to  the  unfavourable  conditions  which  may  prevail  in  a  wound. 


VARIATIONS  IN  RESISTANCE  OF  ORGANISMS  TO  FLA  VINES. 

Acriflavine  and  proflavine  are  the  most  powerful  antiseptics  so  far  investi- 
gated for  staphylococci  and  the  ordinary  types  of  B.  coli  in  a  serum  medium. 
Certain  strains  of  streptococci  appear  to  be  even  more  susceptible  (Parry 
Morgan),  which  should  be  advantageous  in  view  of  the  role  of  streptococci  in 
infected  wounds,  although  w^e  did  not  find  the  "  enterococcus  "  to  possess  more 
than  average  susceptibility.  The  existence  of  marked  differences  in  the 
resistance  of  various  species  of  organisms  toward  a  particular  antiseptic  is 
now  w^ell  known  (see  Browning).  Drununond  and  McNee  isolated  from  certain 
w^ounds  organisms  of  coliform  type  which  show^ed  a  high  degree  of  resistance 
tow^ard  the  flavines;  we  have  had  the  opportunity  of  investigating  three  such 
strains  and  find  that  they  all  belong  to  a  most  unusual  type  of  B.  coli,  which 
fails  to  form  indol,  also  they  are  late  lactose-fermenters;  their  culture  reactions 
\A  ere  as  f ollow^s : 


Motility  + 


glucose         "^ 

lactose 

saccharose    ^  acid  and  gas 

mannitol 

maltose 


dulcitol  ( 
inositol  / 


milk  acid  and  late  clot;  indol 
no  change  '     negative  (12  days):  gela- 
tine not  liquefied 


We  have  tested  the  action  in  serum  of  both  acriflavine  and  proflavine  on 
eleven  types  of  B.  coli  and  also  on  B.  pyocyaneufi,  and  U rohacilhis  septicHs\ 
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the  resistant  strains  beinir  also  included   in  the  series;  the  results  were  as 
foUovvs: 

B.  coli  (Escherich) 

B.  No.  71  \ 

B.  SchaJJeri 

B.  Griinthal 

B.  neapolitanus 

B.  vesicnlosus  (2  strains)  No  visible  growth  in  serum  flas  acri- 

B.  lactis  aerogenes  (2  strains)    V      flavine  or  proflavine  I  :  200,000  after 

B.  Morgan  I  I        48  hours  at  37°  C. 

B.  paracoli  type 

B.  coscoroha 

B.  No.  67  (inositol  fermenter) 

Vrohacilhis  sepflots  (])r<)frus 
class) 

Resistant  (non-indol  forming)  coliform  B.  (3  strains) — ^visible  growth  in 
serum  plus  antiseptic  1  :  40,000;  none  in  1 :  20,000. 

B.  pyocyaneus  (2  strains) :  visible  growth  in  serum  plus  antiseptic  1 :  20,000; 
none  in  1  :  10,000. 

Inoculation  dose  in  each  case  0-1  c.c.  of  1  :  1000  dilution  of  a  24-hour 
peptone  water  culture  to  1  c.c.  medium. 

Controls  without  antiseptic  all  yielded  abundant  growth,  with  marked 
turbidity  of  the  medium. 

Parry  Morgan,  and  Bashford,  Hartley  and  Morrison  also  mention  resistant 
coliform  bacilli,  but  give  no  details  as  to  their  characters.  It  would,  therefore, 
be  quite  misleading  to  suggest  that  the  typical  colon  bacilli  of  faecal  origin 
present  such  resistance  to  flavine  antiseptics  as  to  invalidate  their  use 
generally  in  wounds  containing  coliform  organisms.  B.  pyocyaneus  evidently 
belongs  to  the  types  most  resistant  to  flavine,  wdiich  has  also  been  observed 
clinically  (Kellock  and  Harrison),  but  this  organism  appears  to  be  relatively 
unimportant  as  a  pathogenic  agent  in  wounds.  It  is  interesting  that  B.  pyo- 
cyuHfus  has  also  been  found  resistant  to  hypochlorites  (Taylor). 

SUMMARY  AND  CONCLUSIONS. 

(1)  The  antiseptic  and  bactericidal  properties  of  Flainnes  and  Brilliant 
Green.  Extended  investigations  have  confirmed  the  original  values.  It  has 
been  showm  that  the  inferior  potencies  recorded  by  certain  other  workers 
depend  on  the  use  of  methods  unsuited  for  the  observation  of  antiseptic 
properties,  i.e.  they  fail  to  detect  inhibition  of  bacterial  activity  i.e.  bacterio- 
static action,  which  is  exhibited  to  a  marked  degree  by  flavine  and  brilliant 
"Teen. 

(2)  For  the  therapy  of  a  local  bacterial  infection,  as  in  a  w^ound,  such 
bacteriostatic  action  is  of  great  value.    It  is  not  essential  that  the  chemical 
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jiLrciil  should  1»\'  itscll  ;ic(iially  kill  I  lie  oi'^ii iiisms.  iri<;hly  sucfcssfiil  icsults 
(MM  l>(M)l)t;iiii(Ml  l)\'  a  co-ojxM'jil  ion  ol  1  lie  ;i  lit  iscpl  ic  ;ni(l  t  lie  tissues,  so  1  hat  1  he 
pat  lioLrciiic  action  of  the  oi'^anisins  is  r'cst  caincd.  'IMic  flaxincs  in  virtue  of 
tlieii-  low  toxicity  to  nianinialian  tissues  jind  tiieii-  lii<.di  bacteriostatic  power 
ai'c  tlierefcue  specially  suited  to  act  as  local  tlierapeutic  agents.  In  addition, 
the  fact  that  they  ai'c  not  neutralised  by  admixture  with  serum  enables  thcMii 
to  be  applied  clinically  by  a  relativ^ely  sim[)le  method  which  does  not  necessi- 
tate fretjuent  renewal. 

(3)  The  *'  fuudamental  error"  to  which  the  method  of  testin^r  (ddorim^  anti- 
se})tics  oriijiually  practised  by  Dakiii.  is  liable,  and  which  JJakin  and  Dunham 
hav(^  drawn  attention  to,  has  been  shown  not  to  aft'ect  our  previous  results 
with  Chloramine-T.  The  difference  between  our  values  and  the  others  is  due 
to  the  fact  that  we  employed  80  per  cent,  serum  in  the  test  medium,  which 
is  much  more  active  in  neutralising^  this  antiseptic  than  is  33  to  50  per  cent, 
serum  employed  by  Dakin  and  his  co-workers. 
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RECENT   ADVANCES  IN   THE   DIFEERENTrATTON    OF 

LACTOSE-FERMENTING     (GAS-PRODUCING)     BA(MLL1, 

WITH  SPECIAL  REFERENCE   TO  THE  EXAMINATION 

OF  WATER  AND  FOOD  PRODUCTS. 

By  DENYS  R.  wood,  F.l.C, 
Public  Anah/sf  and  Bacterioloijist,  Somerset  Count ij  Council. 

(From  the  Somerset  Counti/  Public  Health  Laboratortf.) 

In  recent  years  a  considerable  amount  of  work  has  been  done  by  American 
bacteriologists  on  the  differentiation  of  lactose-fermenting  (gas-producing) 
organisms. 

Rogers,  Clark  and  Davis  (1914)  showed  that  by  refined  technique  these 
organisms  could  be  sharply  differentiated  into  two  main  types  by  the  esti- 
mation of  the  ratio  of  carbon  dioxide  to  hydrogen  produced  in  glucose  media: 
those  producing  gases  in  the  ratio  COg  :  H2  =  about  1-0(5  and  characterised 
by  the  large  proportion  of  strains  producing  indol,  and  those  producing  gases 
in  the  ratio  COg  :  Hg  =  over  1-5  and  characterised  by  the  low  proportion  of 
strains  producing  indol. 

Subsequently  Rogers,  Clark  and  Evans  (1914)  showed  that  practically 
only  those  organisms  producing  gases  in  the  low  ratio  (COg  :  H2)  were  to  be 
found  in  bovine  faeces,  while  in  milk  about  50  %  belong  to  the  low  and 
50  %  to  the  high  ratio  (COg  :  Hg)  type,  and  drew  the  inference  that  source  of 
the  latter  must  be  sought  elsewhere  than  in  bovine  faeces. 

Later  Rogers,  Clark  and  Evans  (1915)  examined  166  cultures  of  glucose 
fermenters  derived  from  various  kinds  of  grain,  160  of  these  fermented  lactose 
also,  and  95  %  of  the  lactose-fermenters  were  found  to  belong  to  the  high 
ratio  (CO2  :  Hg)  type.  The  further  inference  was  therefore  drawn  that  the 
high  ratio  type  in  milk  might  be  derived  from  grain. 

Clark  and  Lubs  (1915)  showed  that  the  gas  ratio  (COg  :  Hg)  varies  inversely 
with  the  limiting  hydrogen  ion  concentration  attained  in  standard  glucose 
peptone  media  containing  a  standard  amount  of  buffer  substance^,  the  low 
ratio  type  producing  a  hydrogen  ion  concentration  equal  to 

1  X  10-5  F-  2  X  10-5  lY, 
and  the  high  ratio  type  a  hydrogen  ion  concentration  equal  to 

7-8  X  10-7  iv"- 0-1  X  10-7  iv', 

1  Composition  of  Clark  and  Lubs  medium:    glucose   0-5%,    peptone   (Witte)  0-5%,  di- 
potassium  phosphate  K3HPO4  0-5  % . 
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;ni(l  showed  morcovci-  lluil  llicsc  concciil  lat  ions  can  he  (list  iii^uislicd  by 
iiHMiis  of  llic  indicators  met  li\l  icd  and  />-niti'o-|)hcnol,  and  thereby  reiidei'ed 
a  siinjjh'  method  avaihibh'  foi-  the  difTerent  iat  ion  of  those  two  main  types 
suitable  loi"  i-oiitinc  l)act(M'ioh);;ical  examinations. 

Lcvine  (I !>!())  coirehited  the  Voj^es-Proskauer  reaction  with  the  bmitin*^ 
h\(lroi;(Mi  ion  concentration,  having  found  that  orj^anisnis  })roducin<^  a  low 
concentration  «>ave  the  Vo<res-Proskauer  reaction  while  those  producing  a 
hiiih  concentration  did  not,  and  later,  in  conjunction  with  Weldin  and  Johnson 
(11)17),  devised  an  improvement  in  the  ori<j;inal  reaction  accelerating  the 
oxidation  process  with  hydrogen  |)eroxide.  Myrtle  (jireenfield  (1910)  studied 
432  cultures  of  lactose-fermenters  from  surface  water,  ground  water,  natural 
and  artificial  ice,  and  found  that  138  (or  32  %)  produced  a  low  concentration 
of  hydrogen  ions.  All  these  gave  the  Voges-Proskauer  reaction,  while  none  of 
those  cultures  producing  a  high  concentration  of  hydrogen  ions  gave  a  positive 
V.-P.  reaction. 

Other  workers  in  America  have  obtained  similar  results  confirming  the 
correlation  of  the  Voges-Proskauer  reaction  with  the  limiting  hydrogen  ion 
concentration. 

For  convenience  organisms  producing  high  and  low  concentrations  of 
hydrogen  ions  will  be  referred  to  in  this  paper  as  methyl-red  positive 
("M.R.  4-  ")  and  methyl-red  negative  ("M.R.  —  ")  respectively,  and  organisms 
giving  and  not  giving  the  Voges-Proskauer  reaction  as  "V.-P. -f"  and 
"V.-P.  — ." 

As  regards  the  distribution  of  the  "M.R.  +"  and  "M.R.  -"  types  the 
following  additional  observations  have  been  recorded: 

Levine  (1916)  examined  lactose-fermenters  from  the  faeces  of  the  horse 
(19),  pig  (21),  cow  (20),  sheep  (22),  and  man  (25)  and  found  none  of  the 
"M.R.  -  "  type  out  of  this  total  of  107. 

Rogers,  Clark  and  Lubs  (1916)  tested  113  cultures  from  human  faeces  and 
found  only  six  (or  5-6  %)  of  the  "M.R.  —  "  type^  Rogers  (1916)  examined 
137  cultures  from  surface  water,  66  %  of  which  were  found  to  belong  to  the 
"M.R.  —  "  type.  The  "M.R.  +"  types  were  occasionally  found  in  springs 
in  which  there  was  no  evident  source  of  contamination,  but  were  especially 
abundant  in  polluted  waters.  Johnson  (1916)  examined  363  coli-like  organisms 
derived  from  soil  and  found  72  %  of  the  "M.R.  —  "  type. 

Burton  and  Rettger  (1917)  found  the  predominant  gas  formers  in  soil 
were  of  the  "V.-P.  +  "  type  and  liquefied  gelatine,  i.e.  were  of  the  B.  cloacae 
type.  Out  of  193  non-sporing  lactose-fermenters  76%  were  "V.-P. -•-" 
and  liquefied  gelatine,  5%  were  *'V.-P.  +"  and  did  not  li(]uefy  gelatine,  and 
19  %  were  "  V.-P.  —  ".  He  used  the  M.R.  reaction  also  but  regarded  the  V.-P, 
reaction  as  the  more  reliable  with  peptones  other  than  Witte's. 

^  In  a  rcront  paper  Rogers,  Clark  and  Lubs  (iniS)  record  the  isolation  of  4fi  "M.R.  -  " 
strains  from  a  collection  of  177  deriv^ed  from  human  faeces.  The  majority  of  these  however  were 
obtained  by  special  methods,  and  31  were  obtained  from  a  single  specimen. 
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Levinc  (liihS)  gives  the  relative  [)i()p()iti(>ii  of  strains  in  soil  as  cloacae 
49-7  %,  aerogenes  30-5  %,  and  "M.R.  +"  types  18-7  %. 

Observations  of  the  Voges-Proskauer  reaction  have  been  recorded  by  a 
few  investigators  in  this  country,  and,  although  it  has  pot  been  regarded  as 
altogether  reliable,  it  is  interesting  to  compare  the  results  obtained  with 
those  briefly  summarised  above. 

MacConkey  (IIHR))  recorded  the  examination  of  107  cultures  of  non- 
chromogenic  lactose-fermenters  isolated  from  milk  31  of  which  (or  29  %) 
gave  the  Voges-Proskauer  reaction.  The  same  author  (1909)  examined  497 
cultures  from  various  sources  including  human  and  animal  faeces,  sewage, 
pond-water,  roof  washings,  soil,  and  various  grains.  Organisms  g;iving  the 
Voges-Proskauer  reaction  were  shown  to  be  rare  in  human  and  animal  faeces 
(21  in  334  or  6*3  %),  more  common  in  sewage  and  pond- water,  roof- washings 
and  soil  (32  in  65  or  49  %),  and  still  more  common  in  grain  (17  in  30  or  57  %); 
a  fair  number  in  the  last  two  groups  were,  however,  chromogenic. 

Orr  (1908)  examined  850  cultures  of  glucose-fermenters  isolated  from 
milk  and  found  that  333  (or  39  %)  gave  the  Voges-Proskauer  reaction.  The 
number  of  cultures  fermenting  lactose  was  not  recorded. 

Houston  (1911)  examined  532  lactose-fermenters  isolated  from  water 
and  found  that  10-3  %  from  raw  river  water,  5-3  %  from  stored  river  water, 
and  3-2  %  from  stored  and  filtered  river  water  gave  the  Voges-Proskauer 
reaction:  no  evidence  of  increase  of  the  "V.-P.  +"  types  after  storage.    . 

In  India,  Clemesha  (1912)  found  that  B.  lactis  aerogenes  ("  V.-P.  +")  was  rare 
in  recently  polluted  waters  but  became  extremely  common  within  a  period  of 
5-15  days  after  pollution  ;  that  this  organism  became  very  common  in  surface 
waters  after  rainy  seasons,  and  that  B.  cloacae  ("  V.-P.  +")  was  the  predominant 
type  after  dry  seasons.  He  examined  104  samples  of  human  faeces  and 
1207  cultures,  only  4*6  %  of  these  gave  the  Voges-Proskauer  reaction,  while 
from  86  samples  of  bovine  faeces  and  1029  cultures  this  reaction  was  only 
given  by  13-4  %. 

Recently  experiments  have  been  carried  out  by  Winslow  and  Cohen  (1918) 
on  the  viability  of  "M.R.  +"  and  "M.R.  —  "  types  in  water.  The  average 
result  of  11  experiments  showed  a  relative  increase  in  the  "M.R.  —  "  type 
after  nine  weeks  storage  from  46%  to  71%.  These  investigators  were 
unable  to  find  a  proportion  of  the  "M.R.  —  "  type  in  gas-producers  isolated 
from  unpolluted  or  stored  waters  greater  than  the  proportion  found  in 
polluted  and  unstored  waters. 

To  sum  up:  the  results  of  various  investigators  show  that  the  lactose- 
fermenting  bacilli  can  be  divided  into  two  main  types  by  the  methyl-red  or 
Voges-Proskauer  tests,  that  the  "M.R.  —  "  "V.-P.  +"  type  are  rare  in  the 
faeces  of  man  and  animals,  are  more  common  in  surface  water  and  sewage, 
and  are  the  predominant  type  in  grain  and  soil.  These  findings  are  in  favour 
of  the  view  that  they  are  either  the  natural  survivors  of  the  lactose-fermenters 
present  in  excretal  matter,  or  are  derived  from  soil,  or  possibly  from  grain, 
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and  coiistMiiiciil  1\'  their  picscncc  in  water  and  food  |)r()durtK  is  to  he  re<rarded 
as  ol  less  saiiitarx"  siL;iiilica  nee  than  the  jncsence  of  excreta  I  />.  coh. 

The  object  of  the  pi'eseiit  investi<»at  ion  was  (I)  to  a(hl  conli  iniat  ion  to 
the  icsnits  outlined  above  (no  observations  l)ase(l  on  the  tnethyl-red  test 
have  as  yet  been  recorded  in  this  country),  (2)  to  foini  some  idea  of  the 
fre(|uencv  with  which  the  ''M.ll.  -"  tyf)e  is  likely  to  be  encountered  in 
water  examinations,  etc.  usin^  bile-salt  media,  and  (3)  to  throw  new  lij^ht  on 
the  sanitary  significance  of  this  type  in  water  and  food  stuffs  by  notin<i  the 
privs(Mi(n'  or  al)S(Mic(^  of  s/rcp/ococci  in  water  samj)les  in  which  they  are  found'. 

The  follow  inu  examinations  were  made: 

A.  Unman  and  animal  faeces.  C.     Milk. 

B.  Ceieals,  urain  and  other  articles.  1).    Water  sup[)]ies. 

A.    THK   lOXAMIXATlOX  OF  lULMAX  AXD  AXIMAJ.  TAECES. 

The  faeces  emulsion  in  sterile  water  was  in  most  cases  plated  direct  on 
lactose  bile-salt  neutral-red  agar.  In  certain  cases,  however,  it  was  first  culti- 
vated in  lactose  bile-salt  broth  and  then  plated  out.  Subcultures  showing 
gas-production  in  lactose  broth  were  cultivated  in  the  glucose  di-potassium 
phosphate  medium  of  Clark  and  Lubs  for  five  days  at  37°  C,  the  culture 
divided  into  two  portions  and  tested  with  methyl-red  and  for  the  Voges- 
Proskauer  reaction.  With  the  latter,  observations  were  made  24  hours  (or 
within  24  hours  if  positive)  after  the  addition  of  the  sodium  hydroxide. 

The  following  specimens  and  cultures  were  examined  and  gave  results  as 
tabulated  below : 

Table  I. 

Cultures  from  human  and  animal  faeces. 


No.  of 

No.  of 

Methyl- 

red 

Voges- 

■Proskauer 

Souvcf 

r^nltiirpc! 

Iiiclividiijils 

J 

V^Ull/Ul  ^o 

+ 

- 

+ 

Human 

faeces 

33 

11 

33 

0 

0 

33 

Hoi'se 

>• 

17 

8 

16 

1 

0 

17 

Cow 

13 

7 

13 

0 

0 

13 

Sheep 

^ 

20 

7 

20 

0 

0 

20 

Rabbit 

J, 

18 

6 

15 

3 

3 

15 

Mouse 

25 

7 

22 

3 

4 

21 

Cat 

»> 

3 

1 

3 

0 

0 

3 

Guinea- 

pig  faeces 

3 

1 

3 

0 

0 

3 

Total 

132 

48 

125 

7 

7 

125 

Percent 

age 

— 

— 

94-7 

5-3 

5-3 

94-7 

Notes  on  Table  I. 

1.  The  three  '"M.R.  -  "  strains  from  rabbit  faeces  were  from  the  .same  indiv^idual:  a  tame 
rabbit  fed  on  oats. 

2.  The  three  "M.R.  -"  "V.-P, +  "  strains  from  mouse  faeces  and  the  one  "M.R.-r" 
"V.-P.  -  "  strain  were  from  three  individuals,  all  wild  mice. 

3.  "M.R.  -  "  strains  (not  included  in  the  above  series)  were  isolated  from  two  .specimens  of 
cow  faeces  as  the  ultimate  survivors  in  water  after  several  weeks'  storage  in  the  course  of  some 
experiments  on  the  relative  viability  of  B.  coli  and  Streptococci  [Savage  and  Wood  (1918)). 

^  It  has  been  shown  by  Savage  and  Read  (1916)  that  streptococci  arc  to  be  found  in  the 
majority  of  waters  subject  to  contamination,  and  by  Savage  and  Wood  (1918)  that  these 
organisms  die  out  rather  more  rapidly  than  B.  coli  and  arc  useful  indicators  of  recent  contamina- 
tion. 
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Tilt'  above  represent  only  a  limited  ninnber  of  specimens  and  cultures, 
hut  a  suthiient  number  to  contirm  the  findings  of  other  workers,  viz.  that  the 
"M.R.  —  "  "  V.-P.  +  "  type  is  very  rare  in  human  and  animal  faeces.  It  has 
been  noted  that  organisms  of  the  "M.R.  — "  type  frequently  gave  a  less 
definite  reaction  on  neutral-red  lactose  bile-salt  agar  than  those  of  the 
"M.R.  +  "  type,  the  paler  colonies  were  accordingly  selected  when  present  in 
order  to  favour  the  isolation  of  the  "M.R.  —  "  type  as  much  as  possible. 

The  correlation  between  the  methyl-red  and  Voges-Proskauer  tests  was 
not  quite  perfect,  though  very  nearly.  Some  cultures  give  neutral  tints  with 
methyl-red  and  a  positive  Voges-Proskauer  reaction  when  peptone  other 
than  Witte's  is  used  for  the  standard  medium.  Both  tests  should  therefore  be 
applied.  The  supply  of  Witte's  peptone  was  exhausted  when  the  above  tests 
were  made  and  Baird  and  Tatlock's  "Bactopeptone"  was  used  and  found  to 
be  a  very  good  substitute. 


Table 

II. 

Cultiir 

al  characters 

of 

•■M.R.- 

"  types  isolated  from  faeces. 

No. 

Gas  in       Gas  in 
Lactose  Saccharose 

Litmus 
milk 

Indol 

Character 

of  growth 

on  gelatine 

Liquefaction 
of  gelatine 
in  14  days 

Voges- 
Proskauer 
reaction 

Production 

of 

capsule 

Source 

acid 

clot 

Rabbit 

4 

1  in. 

Uin. 

+ 

+ 

+ 

+ 

+ 

+ 

.•. 

5 

i  ,, 

li  „ 

+ 

+ 

+ 

+ 

+ 

+ 

»» 

G 

t  » 

U  „ 

+ 

+ 

+ 

... 

+ 

+ 

+ 

Mouse 

9 

1   „ 

U  „ 

+ 

4- 

+ 

+ 

+ 

-f- 

»j 

10 

l» 

0 

+ 

+ 

- 

- 

-f- 

-1- 

»> 

11 

h  » 

2     „ 

+ 

+ 

- 

. . . 

+ 

+ 

+ 

Cow 

1 

*  ,, 

U  „ 

+ 

+ 

- 

opaque 

- 

... 

+ 

>> 

2 

*  „ 

f  ,, 

+ 

+ 

- 

>> 

- 

... 

+ 

>> 

3 

slight 

u  „ 

+ 

+ 

- 

j> 

- 

... 

+ 

>> 

7 

iin. 

r 

u  „ 

+ 

+ 

- 

j> 

- 

... 

+ 

Notes  on  Table  II. 

1.  All  cultures  fermented  saccharose  and  most  of  them  with  abundant  gas  production. 

2.  All  cultures  showed  capsule  formation  in  milk. 

3.  Quite  a  large  proportion  produced  indol. 


B,     THE  EXMIINATION  OF  CEREALS,  GRAIN  AND  OTHER  ARTICLES. 

Sixty  specimens  were  examined,  made  up  as  follows: 
Whole  grain.   Oats  12,  wheat  14,  barley  11. 
Flours,  etc.  Crushed  oats  6,  barley  flour  2,  wheat  flour  2,  maize  flour  4, 

rice  flour  1. 
Other  articles.  Straw  2,  dried  milk  3,  egg  powder  1,  hay  3. 

A  small  quantity  was  cultivated  in  lactose  bile-salt  broth  and  when  acid 
and  gas  were  produced,  plated  out  on  lactose  bile-salt  agar  with  neutral-red. 
In  some  cases  the  grains  were  first  allowed  to  germinate  in  a  sterile  moist 
chamber  at  21°  C. 
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Laiiosc-termentcrs  wvvv  isolated  lioni  20  spcciniciis,  Iroiii  l^i  of  these 
only  "M.R.  — "  strains  were  obtained,  while  in  the  icmaining  foui  oidy 
*'M.H.   I- "  strains  were  found. 

Tlie  s|)(M-inieiis  from  which  the  ''M.K.  — "  strains  were  isolated  together 
with  their  eultuial  characteis  ai'e  ;;i\'eii  in  Table  JIJ. 


Table  III. 
"  M.R.  —  "  slrtdiis  isolated  fro )H  cereals,  grain,  and  oilier  articles. 


(Jas  in  Durliam'K 


No.  of 
speci- 
men 

1 

Source 
Dried  milk 

No.  of 
culluri! 

1 

tube  ii 

indies 

Fiac- 
tose 

t 

Sac- 
charose 

aci 

+ 

2 

i 

U 

+ 

:i 

* 

u 

+ 

o 

,, 

4 

l)ul)l)lo 

I 

+ 

r> 

3 

1] 

+ 

3 

Egg  |)t)\vck'r 

() 

I 
•> 

2 

+ 

4 

Crushed  oats 

7 

I 

1 

+ 

8 

bubble 

8 

+ 

0 

i 

1 

2 

+ 

5 

Barley  flour 

10 

bubble 

3 

'8 

+ 

ti 

,, 

11 

5 

u 

+ 

7 

Maizo  Hour 

12 

1 

1 

+ 

8 

55 

13 

I 

8 

n 

+ 

9 

Wheat  flour 

14 

i 

If 

+ 

10 

Straw 

15 

i 

h 

+ 

11 

Oats 

16 

i 

f 

+ 

12 

55 

17 

I 

1 

+ 

i:} 

18 

i 

... 

+ 

14 

Wheat 

19 

f 

1 

+ 

15 

Barley 

20 

1 

2 

1 

+ 

10 

55 

21 

h 

2 

LitmuH 
milk 


clot       Indol 


Cliaracter 
of  (growth 
on  gelatine 


lyirjuefac-  Produc- 

tion of  VoKCH-  tion  of 
gelatine     I'roHKaucr  capsule 

in  14  clayH    reaction     in  milk 


+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
slow 


-  opaque' 

-  translucent* 
_  * 
_  * 

+  * 

~  55 


-t 
-t 
-t 
-t 
-t 
-t 
-t 
-t 
-t 


+ 


+ 


+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 


*  These  cultures  produced  a  slight  yellow  pigment, 
t  These  cultures  liquefied  gelatine  very  slowly. 

It  will  be  noticed  from  Table  III  that  the  "M.R.  —  "  strains  isolated  from 
cereals  and.  grain  frequently  showed  very  weak  lactose  fermentation,  less 
than  \  inch  of  gas  being  produced  and  this  sometimes  only  after  several 
days.  After  cultivation  on  gelatine  or  in  milk  at  21°  C.  this  faculty  can  be 
revived  as  the  following  instances  showed: 

Gas  produced  in  lactose  broth 


before  cultivation  at  21°  C. 

after  cultivation  at  2r  C. 

Barley  flour,  No.  10 

tV  inch 

i  inch 

Maize  flour,  No.  13 

I    » 

I         55 

Wheat  flour.  No.  19 

i          55 

over  1    ,, 

Crushed  oats,  No.  9 

i    „ 

1    » 

(irain  which  had  been  allowed  to  sprout  in  a  moist  chaml.)  r  at  21°  C. 
usually  showed  good  fermentation  of  lactose.  The  "M.R.-"  strains  also 
became  very  numerous  under  these  conditions,  and  it  is  quite  conceivable 
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tliut  suiface  watiT  in  the  iit'i^lil)oiuli(Jud  of  ^raiii  fields  mijL^ht  be  considerably 
attected  by  *^einiiiiati!i^  *;iaiii. 

A  number  of  cultilres  li(|uetied  «;elatine,  but  except  in  three  instances 
too  slowly  for  this  test  to  be  of  any  dia^rnostic  value.  A  fair  number  of  cultures 
were  chromogenic,  but  the  majority  showed  no  obvious  pigment  on  gelatine 
slopes.  Saccharose  was  nearly  always  fermented  and  frequently  with  abun- 
dant gas  production. 

Apparently  some  organisms  of  the  ''M.R.  —  "  type  possess  remarkable 
viability  in  grain  and  flours.  The  sample  of  maize  flour  No.  7  was  re-examined 
after  keeping  in  a  sterile  bottle  for  three  months  and  organisms  of  the 
"M.R.  —  "  type  were  again  found. 

Excluding  all  cultures  giving  less  than  \  inch  of  gas  in  lactose  (but  including 
cultures  Nos.  10,  13,  19  and  9),  all  cultures  liquefying  gelatine  in  14  days  or 
producing  pigment,  12  out  of  the  21  cultures  could  not  certainly  be  distin- 
guished from  B.  coli  of  faecal  origin  except  by  the  methyl-red  and  Voges- 
Proskauer  tests,  though  the  reaction  in  litmus  lactose  broth  and  on  neutral- 
red  lactose  agar  frequently  suggested  that  they  belonged  to  the  "M.R.  —  " 
type. 

C.    EXAMINATIONS  OF  MILK. 

Thirty-two  samples  of  milk  were  examined  and  94  lactose-fermenters 
isolated.  Seventeen  of  these  were  found  to  belong  to  the  "M.R.  —  "  type  and 
77  to  the  ^'M.R.  +"  type. 

In  the  districts  from  which  these  samples  were  obtained  the  cows  are 
kept  and  milked  in  open  fields  except  in  the  coldest  months  of  the  year  when 
they  are  brought  into  sheds.  It  is  interesting  to  compare  the  "field"  samples 
with  the  "shed"  samples.  Only  8-3  %  of  the  former  contained  "M.R.  —  " 
strains  while  in  28  %  of  the  shed  samples  this  type  was  found.  These 
results  support  the  suggestion  of  Rogers,  Clark  and  Evans  that  the  "M.R.  —  " 
types  found  in  milk  have  their  origin  in  grain  and  strawy  but  the  possibility 
that  the  colder  weather  favoured  the  predominance  of  this  type  must  be 
borne  in  mind^ 

The  cultural  characters  of  the  "M.R.  -"  strains  isolated  are  given  in 
Table  IV. 

Table  IV. 
Cultural  characters  of  ''M.R.  —  "  strains  isolated  from  milk. 

(relatine 

Litmus                    ^ ' s  Capsule                  Voges- 

Indol                     milk                                          opaque  creamy         translucent  production  Proskauer 

production        acid  and  clot        Ji(iuefaction                growth                      growth  in  milk  reaction 

10%  90%  10%  40%  G0%  90%  100% 

No  cultures  showed  obvious  pigment  on  gelatine  slopes. 

1  In  a  recent  paper  Rogers,  Clark  and  Lubs  (1018)  have  shown  that  the  "M.R.  -  "  types  tend 
to  outgrow  the  "M.R.  +  "  types  when  milk  is  allowed  to  curdle  at  20°  C. 
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Tlicso  (•()ni])ris('  a  lar<;('  nimilxM-  of  samples  Iroiii  various  sources,  200  of 
wliii'h  contaiiKMl  lactosc-fornicntcrs.  The  results  are  given  in  Tables  V  and 
\'l.  the  loiintM'  \V(M«'  fi'oin  sources  of  ^<i;oo(l  I'c^puto  and  flie  laflcj'  frotn  miscella- 
neous SOUI'CCS. 

For  the  cnumcialion  of  Slrcp/ococci  llic  method  of  Savage  was  employed: 
cull ival ion  iji  glucose  neutral-red  broth  and  examination  of  hanging  dro[) 
prepaiat  ions  after  IS  jiours,  in  doubtful  cases  examining  stained  films  with 
the  ,'.,  inch  objective. 

Table  V. 

Mclhijl-rcd  ncc/alive  organisms  encountered  in  the  routine  examination  of  200 
ir((f('r  sdiHiiles  containing  lactose-fermenting  organisms. 


Souicos  of  uood  Tcputo 


No.  of 
sample 

A.  1020 

A.  1711 

1 

2 
3 

r.  1748 


B.  1758 

(i 

C.  1801) 


8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
1823 


Uescriittion  of  source 
Well  (public  supply) 

do. 
Deep  well  in  limestone  (public 
suppl}') 

do.  do.  do. 

do.  do.  do. 

Well   in   field,   no   source   of 

contamination 
Deep  well  in  limestone  (public 
supply) 

do.  do.  do. 

Deep  well  in  limestone 
Deep  well  in  limestone  (public 

supply) 
Deep     well     sunk     through 
Keuper  Marl  into  Sandstone 
Deep  well  in  limestone  (public 
supply) 

do.  do.  do. 

do.  do.  do. 

do.  do.  do. 

do.  do.  do. 

do.  do,  do. 

do.  do.  do. 

do.  do.  do. 

do.  do.  do. 

do.  do.  do. 

do.  do.  do. 

do.  do.  do. 

do.  do.  do. 

do.  do.  do. 

do.  do.  do. 

do.  do.  do. 

Spring 


MeUiyl  red 

neKative  tyi)e 

found  in 

10  e.e. 

30  „ 

100  „ 

100  „ 

100  „ 

30  „ 

100  „ 

100  „ 

10  „ 

100  „ 

10  „ 

1  „ 

1  „ 

100  „ 

100  „ 

100  „ 

100  „ 

100  „ 

100  „ 

10  „ 

10  „ 

10  „ 

10  „ 

100  „ 

100  „ 

10  „ 

100  „ 

30  ,. 


Methyl-red 

positive  type 

•  -  present 

-  absent 

-  40c.c. 

-  40  „ 
-100    „ 

-100  „ 
+  100   „ 

-  40   „ 

-100   „ 

-100    „ 

-  40  „ 
-100   „ 

-  40   „ 

-100    „ 

-100  „ 
-100  „ 
-100  „ 
-100  „ 
-100  „ 
-100  „ 
-100  „ 
-100  „ 
-100  „ 
-100  ., 
-100  „ 
-100  „ 
-100    „ 

-  100    „ 

-  100    „ 

-  40    .. 


Slrei>toc<>cci 
+    i)re«ent 

-  -ab.sent 

-  40c.c. 

-  40    „ 
-100    „ 

-100    „ 

-  100    ., 

-  40    „ 

-100   „ 

-100   „ 

-  40   „ 
-100   „ 

-  40   „ 

-100   „ 

-100  „ 

-100  „ 

-100  „ 

-100  „ 

-100  „ 

-100  „ 

-100  „ 

-100  ., 

-100  „ 

-100  „ 

-100  „ 

-100  „ 

-100  „ 

-  100  „ 
-100  „ 

-  40    ,. 


Identification 
number  of 
'•MR.-" 
cultures 

W.  5 
W.  17 

W.  lit 


W.  20 
W.  22 
W.  23 

W.  25 

W.  26 

W.  27 
W.  29 

W.  41 

W.  45,  40,  47 

W.  48,  49,  50 

W.  51 

W.  52 

W.  53 

W.  54 

W.  55 

W.  56 
W.  57,  58 
W.  60,  61 
W.  62.  63 
W.  64,  65 

W.  66 

W.  67 

W.  68 

W.  69 

W.  70 
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Table  VI. 

Methyl-red  nei/atire  oryanisyns  encountered  in  the  routine  exdminations  of 
200  samples  of  water  containiny  loctose-fernientiny  oryunisnts. 

Miscellaneous  sources. 


No.  of 
sample 

1  )o8cription  of  .source 

Methyl-red 
Methyl-red               positive  type 
negative  tyjte                |-— pre.seiit 
found  in                    -   -absent 

Strcptoffirri 
+  =  present 
-  = absent 

Identilication 
number  of 
•M.K.-" 
cultures 

1485 

Shallow 

Wt 

•1! 

30  c 

.0.                  -  40 

CO. 

-40 

c.c. 

W.  1 

1532 

do. 

10 

•   -40 

j» 

-40 

W.  2 

1010 

do. 

1 

1  (> 

_  1 

1  0 

W.  3 

1018 

Deep  wt 

'11 

1 

),                        ... 

+  10 

W.  4 

1022 

Shallow 

wt 

'11 

1 

»>                       ... 

+    1 

W.  0 

1042 

do. 

1 

1 1> 

»                        • '  • 

+    1 

W.  7 

1043 

do. 

10 

,                        ... 

-40 

W.  8 

1052 

do. 

10 

»                        ... 

+  30 

W.  9 

1058 

do. 

10 

?                        ... 

+  30 

W.  10 

1094 

Deep  well 

10 

-40 

-40 

W.  12 

1095 

Shallow 

wt 

11 

1 

+    1 

+    I 

W.  13 

1700 

do. 

A  , 

+  A 

+    1 

W.  14 

1709 

do. 

10 

+  10 

+    1 

W.  10 

1712 

do. 

10 

+  30 

+  10 

W.  18 

1734 

do. 

10 

+  30 

-40 

W.  21 

1091 

Spring 

30 

-40 

-40 

W.  11 

1751 

Shallow 

wt 

11 

10 

>                       ... 

+  30 

W.  24 

1700 

do. 

10 

, 

+  10 

W.  28 

1792 

do. 

1 

+  10 

+  30 

W.  30 

1793 

do. 

30 

-40 

-40 

W.  31 

1799 

Spring 

30 

-40 

-40 

W.  32 

1800 

do. 

30 

-40 

-40 

W.  33 

1802 

do. 

30 

-40 

-40 

W.  34 

1803 

do. 

30 

-40 

-40 

W.  35 

1804 

do. 

1 

-40 

-40 

W.  30,  37,  38 

1807 

do. 

30 

-40 

-40 

W.  39 

1808 

Well 

• 

30 

-40 

-40 

W.  40 

1810 

Spring 

30 

-40 

-40 

W.  42 

1813 

Well 

1 

J                       ... 

-40 

W.  43 

1814 

do. 

1 

+  30 

+  30 

W.  44 

1821 

Shallow  well 

10 

,,                      .,, 

+  10 

W.  59 

1828 

do. 

1 

+  10 

+  30 

W.  73 

1830 

do. 

1 

+  10 

-40 

W.  74 

1855 

do. 

1 
1(7 

>>                                     ... 

+  10 

W.  75 

1857 

do. 

1 

+  10 

,j 

+  30 

W.  70 

1858 

do. 

1 
1  «' 

+  tV 

W.  77 

1870 

Spring 

10 

>                                    ... 

+  10 

W.  78 

When  Streptococci  and  "M.R.  -"  strains  (the  latter  in  10  c.c.  or  less)  were 
both  present  the  evidence  of  contamination  was  generally  considered  suffici- 
ently proven,  and  the  presence  of  "  M.R.  +  "  strains  in  larger  quantities  was 
not  as  a  rule  sought.  In  samples  Nos.  1695,  1706,  1709,  1712,  1734,  1792, 
1814,  1828,  1836  and  1857  the  evidence  of  contamination,  as  judged  by  the 
presence  of  both  "M.R.  —  "  strains  and  Streptococci,  was  confirmed  by  the 
isolation  of  "M.R.  +  "  strains  from  a  larger  quantity  of  the  sample. 
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It  will  ])v  noticed  that  29  of  the  samples  (Table  V)  were  from  sources  of 
iiood  icputc.  In  ()nl\-  one  of  these  were  organisms  of  the  "M.R.  +  "  type  also 
found,  and  S/rc/i/ococct  were  found  in  none. 

Thiiteen  sain|)les  from  miscellaneous  sources  contained  "M.R.  —  "  strains 
hut  no  "  M.K.   I    '  strains  or  Sircpforocci. 

Out  of  the  total  of  (K)  sanii)les,  therefore,  in  which  "M.R.  -"  strains  were 
found,  as  many  as  1 1  contained  no  "  M.R.  |-  "  strains  or  Sf rap fococci.  Judgment 
of  the  water  was  therefore  subject  to  modification  in  i)2  %  of  these  sam})les, 
the  results  su<j:<restin<j:  that  no  recent  excretal  contamination  had  occurred. 

Of  s])ecial  interest  was  the  occurrence  of  organisms  of  the  "M.R.  — " 
stiain  in  tluMleep  wells  (numbered  1  to  22).  This  supply  which  comprises 
several  wells,  sunk  through  limestone  some  250-400  feet  into  underlying 
sand,  has  been  kept  under  observation  for  several  years,  and  the  bacterio- 
logical results  have  been  very  good.  Occasionally,  in  some  15  %  of  all  samples 
examined,  lactose-fermenters  have  been  found,  but  seldom  in  less  than  100  c.c, 
and  these  have  nearly  always  failed  to  produce  indol.  In  the  spring  of  1918 
lactose-fermenters  (all  "Lactose  +  Indol  —  ")  were  found  in  a  larger  pro- 
portion of  samples,  and  the  application  of  the  methyl-red  and  Voges-Proskauer 
tests  show^ed  that  these  with  one  exception  were  of  the  "M.R.  —  "  "  V.-P.  +  " 
strain.  On  no  occasion  were  Streptococci  found.  The  simultaneous  appearance 
in  all  the  wells,  which  are  several  miles  apart,  is  difficult  to  account  for.  The 
time  of  the  year  rather  suggests  some  connection  with  the  sowing  of  grain. 
Rogers,  Clark  and  Lubs  (1918)  have  recently  shown  that  the  majority  of 
"M.R.  —  "  strains  derived  from  grain  do  not  ferment  adonitol.  Unfortunately 
a  supply  of  this  alcohol  was  not  available  and  tests  could  not  be  made. 

Cultural  characters  of  "M.R.  —  "  strains  isolated  from  water. 

Lactose  litmus  peptone.  Eleven  cultures  (or  18  %)  produced  J  inch  or  less 
of  gas  in  the  Durham's  tube.  The  Htmus  indicator  frequently  showed  less 
acidity  than  that  given  by  "M.R.  -f  "  strains. 

Saccharose.  Only  27  cultures  were  tested.  All  fermented  saccharose  and 
many  with  remarkable  gas  production,  the  Durham's  tube  being  completely 
filled  in  some  instances. 

Gelatine.  Liquefaction  was  observed  with  six  (or  9  %)  but  only  with 
three  was  it  sufficiently  rapid  to  be  of  diagnostic  value. 

None  showed  obvious  pigment. 

25  %  showed  the  opaque  creamy  growth  typical  of  B.  lactis  aerogenes, 
the  rest  being  more  or  less  translucent. 

Capsule  production  in  milk.  84  %  produced  capsules. 

Litmus  milk.  95  %  showed  acid  and  clot  within  a  week. 

Indol.   1 5  %  produced  indol  in  five  days. 

Voges-Proskauer  reaction.   92  %  gave  this  reaction. 

Lactose  hile-salt  neutral-red  agar.    Colonies  weie  fre(|uently  somewhat  paler 
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than  "M.R,  h"  organisms.  The  large  majority  developed  mucoid  colonies 
with  tendency  to  become  confluent. 

Knglish  standards  as  to  what  is  to  be  considered  an  excretal  type  of  B.  coli 
as  distinguished  from  a  coliform  organism  vary  to  some  extent.  Such  organisms 
are  rcc^uired  in  this  laboratory  to  have  the  following  characters,  and  it  may 
be  taken  that  this  detinition  would  be  accej)ted  by  most  bacteriologists: 

Lactose.  Acid  and  gas  production  (a  bubble  or  less  than  |  inch  in  the 
Durham'fc!  tube  excluded)  ^ 

Litmus  milk.   Acid  and  clot  [)roduction  within  seven  davs. 

Gelatine.   No  liquefaction  within  two  weeks,  and  no  pigment  formation. 

Indol.  Not  necessarily  produced,  but  a  fairly  strong  point  against  its 
being  of  recent  excretal  origin  if  not  produced. 

The  value  of  the  methyl-red  and  Voges-Proskauer  tests  I'eally  depends 
upon  the  extent  to  which  they  are  capable  of  further  differentiating  organisms 
tcif/i  the  above  characters  into  two  groups,  one  of  which  is  truly  excretal  and 
the  other  non-excretal  in  origin  or  very  resistant.  From  this  point  of  view 
only  organisms  possessing  the  above  characters  need  be  considered.  The 
following  table  includes  only  such  organisms: 


Ti 

ible 

VII. 

Number 

of  strains 

tested 

Number  of  strains 

1' 

'ercentages 

Material 

••M.R.+' 

"M.R. 
Indol+ 

Indol - 

".\1.R.+" 

"M.R.- 

Human  faeces 

33 

33 

0 

0 

100 

0 

Animal  faeces 

99 

91 

4 

4 

91-9 

8-1 

Cereals  and  grain 

15 

4 

1 

10 

26-5 

73-5 

Water 

231 

154 

12 

(55 

66-7 

33-3 

Milk 

93 

77 

2 

14 

82-5 

17-5 

The  Committee  appointed  by  the  Council  of  the  Royal  Institute  of  Pubhc 
Health  in  1914  recommended  that  in  the  bacterioscopic  examination  of 
w^aters  reports  should  be  based  upon  the  enumeration  of  "Lactose  +  Indol  +  " 
organisms.  If  as  strict  a  detinition  as  this  be  adopted  it  is  evident  that  only 
19  strains  from  the  above  series  would  come  under  consideration.  In  judging 
the  purity  of  a  supply  from  an  individual  sample,  or  even  from  a  limited 
number  of  samples,  however,  it  is  not  possible  to  take  so  strict  a  line.  In  the 
author's  experience  a  water  supply  to  which  an  outbreak  of  typhoid  fever  was 
definitely  traced  yielded  only  Lactose  +  Indol  -  organisms  in  the  first  three 
examinations  together  with  Streptococci,  subsequent  examinations  yielding 
Lactose  -f  Indol  +  organisms.  In  the  above  series  of  water  examinations 
13-5  %  of  the  lactose-fermenters  did  not  produce  indol  and  did  not  belong  to 
the  "M.R.  —  "  type.  Moreover,  some  of  the  Lactose  +  Indol  +  organisms 
belong  to  the  "M.R.  -"  type,  Levine  (1918)  recorded  as  many  as  25% 
producing  indol. 

1  Some  bacteriologists  use  gelatine  shake  cultures  for  observation  of  lactose  fermentation. 
This  is  extremely  sensitive  and  cultures  producins;  only  a  bubble  of  gas  in  the  Durham's  tube 
would  be  recorded  as  positive. 
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SUMMARY  AND  CONCLUSIONS. 

I.  I  nvcvst  iiiiit  ions  l)\-  AiiKMicaii  l)a('1<'ri()l()}^i.st.s  luivo  shown  that  the 
lactosc-IViiiKMit  inu  (i;as-j)r()(liiciiiL;)  l)acilli  can  Ix'  divided  into  two  main 
tv])es  (listin<j;iiishal)l('  by  the  methyl  red  and  Voges-J^roskaiier  reactions. 

•2.  The  metliyl-red  —  Vo<j^e.s-l*roskauer  I  type  are  shown  to  be  rare  in 
hnnum  and  animal  faeces,  more  common  in  surface  water,  milk  and  sewage, 
and  the  predominant  type  in  soil  and  ^rain,  and  to  be  more;  resistant  than 
the  methyl-red   !    \'o<ies-l*roskauer  -   type. 

:].  Inveatijiations  by  the  author  of  this  pa})er  confirm  tlieir  findin^^s  as 
rej^ards  human  and  animal  faeces,  water,  milk  and  <]frain.  An  investigation 
of  the  types  present  in  soil  is  being  undertaken  and  it  is  hoped  to  j)ublish  an 
account  of  this  later.  Already  the  "M.R.  —  "  type  lias  been  found  to  pre- 
dominate in  four  out  of  six  samples  of  soil. 

1.  In  the  ])resent  investigation  organisms  of  the  "M.R.  —  "  type  were 
found  in  GO  samples  of  water  out  of  a  total  of  200  containing  lactose-fermenters, 
and  in  41  samples  containing  this  type  no  evidence  of  recent  contamination 
could  be  adduced  by  the  search  for  organisms  of  the  "M.R.  +  "  type  or  Strepto- 
cocci. Judgment  of  the  water  w^as  therefore  liable  to  modification  in  20  % 
of  these  samples  by  the  recognition  of  this  type. 

5.  Twenty-nine  out  of  the  66  samples  containing  organisms  of  the  "  M.R.  —  " 
type  were  from  sources  of  good  repute,  most  of  them  from  public  supplies. 

6.  The  presence  of  lactose-fermenters  of  the  "M.R.  —  "  "V.-P.  +  "  type 
must  be  regarded  with  considerably  less  disfavour  than  the  presence  of 
"  M.R.  -f  "  "  V.-P.  —  "  organisms,  and  the  application  of  tests  for  the  recognition 
of  these  types  is  important.  It  is  suggested  that  these  tests  should  be  included 
in  all  routine  examinations  of  water  and  food  products. 

In  conclusion  I  have  pleasure  in  acknowledging  my  indebtedness  to 
Dr  \V.  G.  Savage  for  calling  my  attention  to  the  researches  of  American 
bacteriologists  and  for  many  valuable  suggestions  he  has  made  in  connection 
with  this  work. 
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THI<:   CULTIVATION    OV    SPJROCHAETA    ICTEROIIAE- 
MORRUACUAE  AND  THVl  PRODUCTION  OF  A  THERA- 
PEUTIC ANTI-SPI ROCHAETAL  SERUM. 

By  a.  STANLEY  GRIFFITH,  M.D. 

[Reyoti  lo  I  he  Medical  Research  Committee.) 
(From  (he  Field  Laboratories,  Universilij  of  Cfutdjridge.) 

INTRODUCTION. 

The  Japanese  investiojators  (Inada  and  Ido)  who  discovered  the  Sjnrorhaeta 
icterohaemorrhagiae,  the  cause  of  infectious  jaundice,  showed  that  the  serum 
of  patients  who  had  recovered  from  the  disease  contained  immune  substances 
which  were  capable  of  destroying  the  spirochaetes  in  the  blood  and  tissues 
of  an  experimentally  infected  guinea-pig.  They  found  that  if  the  serum  were 
injected  into  the  guinea-pig  prior  to  the  appearance  of  icterus  the  disease 
was  inhibited  in  all  cases.  The  same  result  was  obtained  with  the  serum  of 
immunised  goats. 

On  the  basis  of  this  work  Inada  and  Ido  advanced  the  hypothesis  that 
serum  therapy  should  be  effective  in  the  human  disease. 

In  the  treatment  of  human  cases  they  tried  in  the  first  instance  the  serum 
of  recovered  human  cases  and  later  the  serum  of  actively  immunised  horses. 

As  the  result  of  these  first  trials  they  came  to  the  conclusion  that  the 
administration  of  the  immune  serum  had  a  beneficial  effect  in  cases  of  the 
disease. 

Cases  of  jaundice  wdth  the  clinical  course  of  infectious  jaundice  were  first 
observed  among  the  troops  on  the  Western  front  in  the  summer  and  autumn 
of  19L5  but  it  was  not  until  1916,  following  the  publication  of  the  Japanese 
work,  that  Spirochaeta  icterohaemorrhagiae  was  demonstrated  in  the  blood 
and  urine  of  the  affected  persons  (Stokes  and  Ryle,  1916).  The  spirochaete 
was  also  found  by  Adrian  Stokes  (1917)  in  rats  captured  in  the  trenches  where 
the  cases  of  jaundice  had  originated. 

In  view  of  the  favourable  reports  by  the  Japanese  of  the  serum  treatment 
of  infectious  jaundice  and  of  the  possibility  of  further  cases  arising  among  the 
British  troops,  seeing  that  the  parasite  was  being  harboured  by  the  trench 
rat,  it  was  decided  by  the  Medical  Research  Committee  to  supply  a  curative 
serum  for  the  treatment  of  cases  of  the  disease. 

The  work  of  preparing  the  serum  was  entrusted  to  me  and  was  begun  in 
February  1917. 
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I  am  indebted  lor  my  uiii^inal  material  to  [)i  J.  Macintosh  who  sent  me 
a  portion  of  the  liver  of  a  guinea-pig  which  had  died  of  experimental  spiro- 
chaetosis.  The  strain-  of  spirochaete  used  was  that  known  as  the  lielgian 
strain  and  had  been  originally  obtained  by  Captain  Adrian  Stokes  from  a 
case  of  infectious  jaundice. 

This  strain  had  not  at  that  time  been  brought  into  artificial  cultivation 
and  it  was  decided  after  discussing  methods  with  Dr  li.  H.  Dale  to  begin 
the  immunisation  of  a  horse  with  tissue  spirochaetes  and  to  continue  with 
culture  if  cultivation  experiments  were  successful. 

My  work  on  the  subject  therefore  can  be  described  under  two  heads  dealing 
respectively  with  (a)  the  immunisation  of  horses  with  the  spirochaete  and 
(b)  the  artificial  cultivation  of  the  spirochaete. 

It  will  be  convenient  to  record  first  the  cultivation  experiments. 

BTOLOCirAT.  CHARACTERISTICS. 
Artificial  cultivation  of  Spirochaeta  icteroiiaemorriiagiae. 

The  Japanese  observers,  Inada  and  Ido,  succeeded  in  cultivating  Sfiro- 
chaeta  icterohaemorrhagiae  by  the  method  of  Noguchi  for  the  culture  of  the 
spirochaete  of  recurrent  fever.  I  tried  this  method  with  various  kinds  of 
animal  sera  and  human  ascites  fluid  to  which  had  been  added,  as  recommended 
by  Inada  and  Ido,  guinea-pig  kidney  instead  of  rabbit  kidney.  The  media 
were  inoculated  with  pieces  of  the  liver  of  an  infected  guinea-pig  and  were 
incubated  at  37°  C.  and  25°  C.  both  under  aerobic  and  anaerobic  conditions. 

My  experiments  with  these  fluid  media,  like  those  of  Adrian  Stokes  with 
similar  media,  were  unsuccessful. 

I  then  tried  diluted  bovine  serum  (serum  1  part  and  physiological  salt 
solution  2  parts)  which  had  been  heated  to  70°  C.  until  it  had  become 
slightly  viscous  and  I  inoculated  the  tubes  with  the  heart  blood  as  well  as 
with  fragments  of  the  liver  of  an  infected  guinea-pig.  In  this  medium 
incubated  at  25°  C.  a  growth  of  the  spirochaete  was  obtained  at  the  first 
attempt  and  I  was  able  subsequently  to  transmit  the  organism  through  several 
generations.  Shortly  after  obtaining  the  first  culture  I  had  the  opportunity, 
through  the  courtesy  of  the  Secretary  of  the  Medical  Research  Committee, 
of  reading  an  advance  proof  of  Noguchi's  paper  (1917)  in  which  he  reported 
the  cultivation  of  the  Belgian  as  well  as  the  French  and  American  strains 
of  the  spirochaete. 

Noguchi  grew  the  spirochaete  in  a  fluid  medium  in  which  there  were  loose 
strands  of  fibrin  produced  by  adding  a  small  quantity  of  citrate  plasma  to 
the  diluted  or  undiluted  serum  of  a  suitable  animal.  He  recommended  for 
routine  use  two  media  which  had  given  equally  satisfactory  results: 

(a)  Rabbit  serum  (1  part)  +  Ringer's  solution  or  0-9  per  cent,  sodium  chloride 
solution  (3  parts)  +  citrate  rabbit  plasma  (0-5  part)  covered  witli  a  thin  layer  of  sterile 
paraffin  oil;  (6)  the  same,  except  for  the  use  of  Oo  to  I-O  part  of  neutral  or  slightly  alkaline 
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ji^ar  ("2  |iir  cent.)  which  should  he  .uhhd  while  iii  a  li((ui(l  stale  and  (juile  hot  (OO-Oo'^  (j.) 
in  oi(l(>r  to  j^et  a  iiiiifoiin  mixture  of  the  a^ar. 

I  \vas;il)h'  t  o  ciih  ivat  c  1  he  s])irochaet('  in  these  media  but  I  obtained  more 
IiiMiiianl  initial  cultnt'es  in  diluted  sei'iim  vvdiich  had  been  previously  heated 
until  it  had  become  \  iscoiis  of  seini-^elatinouH.  This  kind  of  medium  was 
theiidoie  a(l()|)ted  lor  the  routine  })rirruiry  cultivation  of  tfie  spirrxdiaete. 

The  seia  used  were  those  ol  the  hors(^,  raf)bit  and  adult  cattle.  Of  these 
bovine  set  inn  has  iijiven  the  most  consistently  ^ood  results  and  has  been 
nu)st  frequently  employed.  Bovine  serum  was  also  found  by  Martiri,  Pettit 
and  Vaudremer  (1917)  to  be  very  suitable  for  the  cultivation  of  the  spirochaete. 
Horse  serum  in  a  semi-gelatinous  state  proved  less  favourable  for  the  growth 
of  the  spirochaete  than  semi-gelatinous  bovine  or  rabbit  serutn,  but  horse 
serum  utdieated  and  mixed  with  0-5  per  cent,  agar  was  found  to  be  not 
inferior  in  nutritive  value  to  bovine  and  rabbit  serum. 

Very  satisfactory  results  have  also  been  obtained  with  a  medium  composed 
of  1  part  of  the  citrated  blood  of  the  horse,  cow  or  rabbit  mixed  with  1 
or  2  parts  of  physiological  saline  and  heated  until  semi-gelatinous.  In  the 
horse  blood  medium  the  spirochaete  sometimes  grew  extremely  luxuriantlv 
and  one  strain  was  transmitted  through  many  subcultures  in  this  medium. 
Ito  and  Matsuzaki  (1916)  recommended  the  use  of  a  blood  gelatin  or  a  blood 
agar  medium. 

Noguchi  (1918),  in  a  recent  paper,  has  recorded  the  results  of  his  investi- 
gations of  the  value  of  different  animal  sera  for  the  cultivation  of  the  spiro- 
chaete. He  found  that  the  cultural  value  of  different  animal  sera  varies 
considerably.  It  is  entirely  absent  from  the  sera  of  the  rat  and  the  pig.  The 
sera  of  the  rabbit,  horse  and  goat  are  better  suited  for  the  growth  of  the 
organism  than  those  of  the  guinea-pig,  sheep,  donkey  or  calf.  Human  serum 
is  suitable  but  not  ascites  fluid.  Fresh  and  heated  emulsions  of  organs  and 
the  white  and  yolk  of  hens'  eggs  have  no  cultural  value.  (I  also  tried  an  egg 
medium,  and,  like  Noguchi,  failed  to  get  a  growth  of  the  spirochaete.) 

Noguchi  found  further  that  the  nutritive  value  of  serum  is  considerably 
reduced  by  heating  to  60°  C.  for  30  minutes.  My  few  comparative  observations 
bearing  on  this  latter  point  support  Noguchi's  finding.  It  has  been  observed 
that  the  addition  of  a  small  quantity  of  the  citratec]  blood  of  a  normal  guinea- 
pig  increases  the  nutritive  value  of  a  heated  serum  medium,  thus  indicatinf^ 
that  the  fresh  blood  restored  to  the  medium  something  which  was  lost  in 
the  process  of  heating.  This  enrichment  was  specially  noted  with  horse  and 
rabbit  serum.  Bovine  serum  on  the  other  hand,  especially  when  of  a  ^^olden 
yellow  colour  in  the  fluid  state,  showed  little  diminution  in  nutritive  value 
after  heating  and  produced  luxuriant  subcultures  without  any  addition  of 
fresh  blood.  With  guinea-pig  blood  added  semi-gelatinous  bovine  serum  is  in 
my  experience  an  excellent  medium  for  the  cultivation  of  the  spirochaete 
and  by  its  use  I  have  kept  a  strain  of  the  organism  in  artificial  cultivation 
for  mow  than  18  months. 
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For  raisiii«^'  initial  cultures  troiu  an  infected  «(uinea-pi^'  the  citrated  heart 
blood  is  the  most  convenient  and  suitable  material.  Liver  and  even  kidney 
may  be  used  but  the  cultures  are  more  liable  to  become  contaminated  with 
other  organisms  than  when  blood  is  the  material  employed.  Subcultures  are 
made  by  transferring  with  a  sterile  pipette  a  few  drops  from  the  top  of  the 
medium  to  the  surface  of  the  fresh  medium.  All  media  are  covered  with  a 
thin  layer  of  sterile  paraffin  oil. 

The  spirochaete  is  an  obligatory  aerobe  and  grows  best  as  Noguchi  has 
also  observed  in  the  upper  centimetre  of  the  medium.  When  the  medium  is 
gelatinous  spirochaetes  are  found  only  in  small  numbers  in  the  middle  and 
often  not  at  all  in  the  deep  parts  of  the  tube.  In  fluid  media  on  the  other 
hand  there  is  wider  distribution  of  the  organism  throughout  the  medium, 
possibly  because  oxygen,  as  Noguchi  suggests,  is  able  to  penetrate  more 
deeply  into  a  fluid  than  into  a  semi-solid  medium. 

In  semi-gelatinous  media  the  spirochaetes  are  at  first  unevenly  distributed 
in  the  upper  layer.  While  some  areas  are  colonised  by  enormous  numbers 
of  the  organism  others  contain  only  moderate  numbers  and  others  again  very 
few  or  none. 

The  spirochaete  has  been  cultivated  by  me  at  two  temperatures  only, 
namely  at  37°  C.  and  25°  C.  It  is  stated  that  it  also  grows  at  lower  tempera- 
tures, down  to  10°  C. 

Multiplication  is  as  a  rule  more  rapid  at  37°  C.  than  at  25  °C.  but  some- 
times, in  primary  cultures,  growth  has  been  as  rapid  at  25°  C.  as  at  37°  C. 

After  two  days'  incubation  at  37°  C.  (primary  culture,  semi-gelatinous 
serum  medium)  spirochaetes  may  be  found  in  swarms  in  the  upper  centimetre 
of  the  medium.  At  the  end  of  a  week  they  are  less  numerous  and  degenerate 
forms  are  seen.  In  a  fortnight  they  have  diminished  in  numbers  very  con- 
siderably and  there  are  many  granules,  the  remains  of  degenerated  spiro- 
chaetes. In  the  fourth  week  they  have  often  disappeared  completely  from 
the  medium  which  is  no  longer  capable  of  infecting  the  guinea-pig.  In  order 
therefore  to  maintain  a  culture  of  the  spirochaete  at  37°  C,  subcultures 
should  be  made  at  short  intervals.  I  did  not  however  in  my  early  experiments 
succeed  in  transmitting  the  spirochaete  through  more  than  five  generations 
at  this  temperature  and  this  result  supported  the  statement  of  Inada  and  Ido 
(1916)  that  37°  C.  is  unfavourable  for  the  cultivation  of  the  organism.  Recently 
I  have  had  better  success  at  this  temperature,  using  a  strain  of  the  spirochaete 
which  had  been  in  cultivation  for  more  than  a  year  at  25°  C. ;  this  strain  has 
been  for  several  generations  and  is  now  growing  luxuriantly  at  37°  C. 

At  25°  C.  growth  is  in  general  not  so  rapid  as  at  37°  C.  but  the  organism 
retains  its  vitality  for  a  longer  period  and  can  be  subcultured  through  many 
generations.  In  subcultures  at  25°  C.  spirochaetes  do  not  as  a  rule  become 
numerous  until  the  second  or  the  third  week.  When  the  medium  is  semi- 
gelatinous  the  spirochaetes  begin  after  a  time  (two  to  three  months)  to  de- 
generate and  gradually  to  disappear  while  in  more  fluid  media,  though  they 
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inav    (liiiiiiiisli    in    iuuiiIxm',    llicy    pci.si.st,    and    remain    vial)l('    for   indefinite 
])ori()d.s. 

The  -la])an('S('  observers,  Tnada  and  Tdo  (I')H)),  stated  that  the  life  of  a 
culture  is  varial)le. 

Tlic  liist  ^'ciKMalion  lived  inoslly  from  ihrco  to  six  vvcckH,  Iho  \ongv.Ht  poriod  ohscivcd 
luMU^' 55  (lays  and  th(>  shortest  1 7  days.  Tlu^  life  of  the  2n(l  and  llrd  generation  is  somewhat 
shorten-  than  that  of  tlic  first  gencMation.  The  best,  time  for  transf(!ning  tfie  culture;  from 
one  tube  to  another  is  when  multiphcation  is  going  on  rapidly  as  indicated  by  examination 
of  the  lluid  every  two  or  three  days. 

My  observations,  while  confirming  the  statement  that  the  length  of  life 
of  individual  cultures  varies,  show  that  in  a  suitable  medium  the  organism 
may  live  for  very  long  periods  not  only  in  primary  but  also  in  secondary 
cultures. 

Transference  of  the  cultures  have  usually  been  made  at  intervals  of  from 
two  to  six  weeks  but  subcultures  up  to  16  weeks  old  have  grown  luxuriantly 
in  fresh  tubes  of  medium.  In  fact  there  seems  to  be  no  limit  to  the  age  of  a 
culture  for  successful  subcultivation;  if  spirochaetes  are  present  in  the 
medium  they  will  grow  in  a  suitable  new  medium  no  matter  what  their  age. 

In  order  to  ascertain  how  long  a  culture  of  the  spirochaete  would  remain 
viable  the  first  primary  culture  has  been  preserved  (at  25°  C.)  and  has  been 
tested  at  intervals,  the  last  test  being  made  when  the  culture  was  15  months 
old.  On  every  occasion  the  spirochaetes  were  found  to  be  capable  of  growing 
vigorously  and  luxuriantly  in  subculture. 

No  final  statement  therefore  can  be  made  at  present  as  to  the  maximum 
duration  of  life  of  the  spirochaete  outside  the  body  in  a  favourable  medium.  , 
The  primary  culture  is  being  preserved  and  will  be  tested  again  after  a  more 
prolonged  interval. 

Pathogenicity  of  cultures. 

Young  recently  isolated  cultures  of  the  spirochaete  produce  the  same 
morbid  effects  in  the  guinea-pig  as  tissue  spirochaetes.  The  pathogenicity  of 
the  cultivated  spirochaete  however  appears  quickly  to  be  lost.  A  culture 
grown  at  37°  C,  which,  when  a  fortnight  old  produced  typical  spirochaetosis 
in  a  guinea-pig,  lost  its  virulence  within  the  next  fortnight  (two  experiments). 
In  another  experiment  with  spirochaetes  grown  at  25°  C,  a  14  days'  old 
primary  culture  produced  fatal  haemorrhagic  jaundice  while  the  same  cul- 
ture when  31  and  4  months  old  was  completely  non-pathogenic.  A  14  days' 
old  subculture  from  the  four  months'  old  primary  culture  was  also  devoid  of 
virulence  for  the  guinea-pig. 

The  guinea-pigs  which  failed  to  develop  spirochaetosis  after  the  injection 
of  living  cultures  were  after  intervals  of  a  month  inoculated  with  emulsion 
of  liver  from  a  fatally  infected  guinea-pig.  The  guinea-pigs  were  entirely 
unaffected  though  control  guinea-pigs  receiving  the  same  amounts  of  emulsion 
died  in  three  to  four  days  of  acute  spirochaetosis. 
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The  above  observations  show  that  the  virulence  of  the  spirochaete  for  tlie 
guinea-pig  is  soon  lost  in  culture  and  that  the  attenuated  cultures  of  the 
organism  are  capable  of  inducing  an  active  immunity  in  guinea-pigs. 

Attempts  to  raise  the  virulence  of  the  attenuated  cultures  by  passage 
through  the  bodies  of  very  young  guinea-pigs,  rats,  mice  and  toads  have  not 
so  far  been  successful. 

The  rats  and  mice  were  killed  two  to  four  weeks  after  intraperitoneal 
injection  of  the  cultures  and  their  kidneys  were  emulsified  irnd  injected  into 
guinea-pigs.  No  spirochaetes  were  found  in  the  emulsions,  or  in  smear  pre- 
parations of  the  spleen,  liver  and  blood,  and  the  guinea-pigs  remained 
unaffected. 

Toads  (three  experiments)  were  used  with  a  view  to  ascertaining  whether 
the  spirochaete  is  capable  of  multiplying  in  the  bodies  of  cold  blooded 
animals.  No  spirochaetes  were  found  in  smear  preparations  of  their  organs, 
heart  blood  or  subcutaneous  lymph  14  and  28  days  after  inoculation. 

The  morphology  of  the  spirochaete  and  the  pathogenic  effects 

IN  the  guinea-pig. 

My  observations  on  the  morphology  of  Spirochaela  icfemhaenionhagiae  and 
on  the  gross  pathological  appearances  of  experimental  spirochaetosis  in  the 
guinea-pig  agree  with  those  of  other  workers  (Noguchi,  1918 ;  Stokes  and  others, 
1917;  Inada  and  others,  1916)  and  I  have  nothing  new  to  add  to  what  has 
already  been  published  in  these  connections. 

THE  IMMUNISATION  OF  HORSES. 
Horse  1. 

On  6  February,  1917,  the  immunisation  of  a  horse  was  begun.  As  stated 
in  the  introduction  it  was  decided  to  use  as  antigen  in  the  first  place  emulsions 
of  the  livers  of  guinea-pigs  which  had  died  of  experimental  spirochaetosis 
and  to  continue  with  cultures  if  cultivation  experiments  were  successful. 

During  the  first  four  weeks  the  horse  received  seven  injections  of  liver 
emulsions  which  had  been  sterilised  by  heat  (at  first  55°  C.  and  subsequently 
50°  C.)  or  by  the  action  of  0-5  per  cent,  phenol.  The  injections  were  made 
intramuscularly,  the  first  dose  being  5  c.c.  of  a  thick  emulsion,  the  seventh 
20  c.c.  containing  the  emulsifiable  tissue  of  the  livers  of  two  young  guinea-pigs. 

After  the  latter  injection  the  serum  was  found  by  Dr  J.  Macintosh  to  have 
definite  agglutinative  and  lytic  action  on  living  spirochaetes  and  it  was 
considered  therefore  that  the  administration  of  the  living  organism  might 
safely  be  begun. 

The  first  dose  of  the  living  virus  was  5  c.c.  of  liver  emulsion  rich  in  spiro- 
chaetes. The  doses  were  thereafter  gradually  increased  up  to  25  c.c.  con- 
taining the  emulsifiable  tissue  of  the  livers  of  three  guinea-pigs.  As  cultures 
of  the  spirochaete  were  now  available  the  next  dose  (or  tenth  dose  of  living 
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virus)  was  part  In  liver  ciniilsion  and  jKirtly  culture.  Unfortunately  only  one? 
^uinea-pi<r  was  available  and,  as  the  cultures  were  only  moderately  luxuriant, 
thisdosoof  antigen  was  t  IkmcIoic  less  rich  in  spirochaetes  than  the  previous  ones. 

With  a  view  to  t  lie  sj)cedy  attainment  of  a  high  titred  serum  it  was  decided 
at  this  staLjc  to  continue  the  ininiunisation  by  the  intravenous  inocuhition 
of  cultures. 

IM)  c.c.  of  a  fluid  cult  ui'c  containin<^  numerous  spirochaetes  were  accordingly 
injected  into  the  jugular  vein  on  June  15.  Sliortly  after  the  injection  the 
horse  began  to  show  signs  of  distress;  then  clonic  contractions  of  the  muscles 
set  in  and  the  horse  fell  down  unconscious;  respiration  continued  for  a  few 
moments  when  death  ensued. 

Tests  of  the  potency  of  the  serum. 

The  titre  of  the  serum  was  determined  at  various  stages  of  the  immunisa- 
tion by  ascertaining  the  quantity  of  serum  which  would  suffice  to  protect 
a  guinea-pig  weighing  from  200  to  300  grams  from  a  fatal  dose  of  spirochaetes. 

The  test  dose  of  virus  was  1-0  c.c.  of  an  emulsion  of  guinea-pig  liver  rich 
in  spirochaetes.  The  doses  were  not  standardised  but  the  emulsions  used  were 
approximately  of  equal  density.  Though  there  was  no  doubt  considerable 
variation  in  the  numbers  of  spirochaetes  injected  in  the  different  sets  of 
experiments  this  variation  did  not  appear  to  affect  materially  the  comparative 
value  of  the  tests. 

The  serum  was  injected  a  fevs^  minutes  after  the  virus.  Both  virus  and 
serum  were  injected  intraperitoneally. 

Three  samples  of  the  serum  were  tested.  The  first  taken  after  about  two 
months'  immunisation  gave  a  titre  of  0-25  c.c,  i.e.  this  amount  of  serum 
completely  protected  a  guinea-pig  from  the  test  dose  of  spirochaetes.  The 
second  sample  (May  11)  had  a  titre  of  0-]  c.c,  w^hile  the  third  (June  14)  was 
rather  less  potent  than  the  second,  0-1  c.c  failing  to  protect  the  guinea-pig 
from  death  though  it  considerably  prolonged  the  duration  of  life.  The  fall 
in  the  potency  of  the  serum  on  June  14  is  attributable  to  an  insufficiency 
of  antigen  in  the  preceding  dose  (see  above). 

Horse  2. 

The  immunisation  of  a  second  horse  was  begun  on  June  18,  1917.  During 
the  first  18  days  the  horse  received  seven  increasing  doses  of  killed  spirochaetes 
contained  either  in  liver  emulsions  or  in  culture  fluids. 

A  sample  of  serum  taken  five  days  after  the  seventh  injection  and  23  days 
after  the  beginning  of  the  immunisation  was  tested  for  immune  bodies. 

First  potency  test. 

Duration  of  life 
of  guinea-])igs  Result 

Both  dead,  4  days  Typical  spirochaetosis 

Died,  18  days     *  No  haemorrhages  or  jaundice 

Died,  15  days  Typical  spirochaetosis 
Died,  11  days  do. 
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Number  of 

Quantity 

guinea-pig 

of  serum 

2  controls 

— 

2469  ■ 

1  c.c. 

2470 

0-5  c.c. 

2471 

0-25  c.c. 
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This  test  showed  that  I  c.c.  of  the  serum  was  capabh'  of  protecting  a 
guinea-pig  from  a  dose  of  spirochaetes  which  kiUed  controls  in  four  days  while 
smaller  amounts  of  the  serum  prolonged  the  lives  of  the  guinea-pigs. 

The  immunisation  of  the  horse  was  continued  with  living  spirochaetes 
derived  either  from  cultures  or  from  the  livers  of  fatally  infected  guinea-pigs. 

A  second  test  of  the  serum  was  made  after  the  sixth  dose  of  living  virus, 
54  days  from  the  beginning  of  immunisation. 

Second  potency  test. 


2  c-ontrols 

— 

Both  dead,  4  days 

Typical  spirochaetosis 

2482 

0-5  c.c. 

Died,  31  days 

No  sign  of  disease 

2483 

0-25  c.c. 

Survived 

2484 

0125  c.c. 

do. 

Another  guinea-pig  receiving  1  c.c.  of  the  serum  two  days  after  the  test 
dose  of  emulsion  also  survived. 

This  test  showed  that  the  serum  had  at  least  eight  times  the  potency  of 
the  first  sample. 

As  the  doses  increased  in  size  it  was  found  more  convenient  to  use  as 
principal  antigen  liver  emulsion  than  culture.  Liver  emulsions  contain 
enormous  numbers  of  spirochaetes  and  to  obtain  approximately  equal 
numbers  in  cultures  would  have  required  very  considerable  quantities  of 
nutrient  media.  Whenever  cultures  were  available  however  these  were 
administered  along  with  the  emulsions.  The  largest  dose  of  culture  injected 
at  one  time  was  30  cubic  centimetres. 

On  September  18,  eight  days  after  the  nineteenth  dose  of  antigen  and 
three  months  from  the  beginning  of  immunisation,  the  horse  was  bled  6  litres. 

Third  potency  test. 

Three  sets  of  experiments  were  carried  out  wdth  this  serum.  In  the  first 
two  the  smallest  quantity  of  serum  used  was  0-05  c.c.  and  this  in  the  two 
instances  in  which  it  was  given  afforded  complete  protection  from  a  dose  of 
spirochaetes  which  killed  controls  in  from  six  to  nine  days. 

A  third  series  was  done  in  order  to  ascertain  the  minimum  quantity  of 
serum  which  w^ould  protect,  and  the  result  is  set  out  in  the  following  table : 

3  controls  —  All  dead,  4  days  Typical  spirochaetosis 

2543  005  c.c.  Died,  104  days  No  disease 

2544  0025  c.c.  Survived  — 

2545  00125  c.c.  Died,  9  days  Typical  spirochaetosis 

On  November  24,  eight  days  after  the  25th  dose,  which  was  66  c.c.  of  an 
emulsion  made  from  the  livers  of  five  guinea-pigs,  the  horse  was  bled  8  litres. 

Fourth  potency  test. 

Typical  spirochaetosis 


2  controls 

— 

Died  in  5  days 

2580 

00125  c.c. 

Survived 

2581 

0-01  c.c. 

Died,  6  days ) 

2582 

0-01  c.c* 

Died,  5  days/ 

2583 

0-006  c.c* 

Died,  6  days 

2584 

0  005  c.c* 

Died,  6  days 

No  jaundice  or  haemorrhages 

No  jaundice,  slight  haemorrhages 
Typical  spirochaetosis 

*  Incubated  with  test  dose  45  minutes. 
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Tliis  test  showed  thai  siiico  September  IM  the  scruiii  had  increased  con- 
siderahlv  in  j)()tency.  ()-()125  c.c.  now  ])rotected  a  <^aiinea-pi^  completely  from 
a  dose  which  was  fatal  to  controls  in  (ive  days,  while  ()•()!  c.c.  was  able 
aj)pai(Mit  1\-  to  destroy  the  spirochaetes  in  the  test  dose,  though  unabh'  to 
save  the  lives  of  the  ^aiinea-])i<jjs  (microscopical  examination  of  the  liver  of 
one  of  thesc^  lattei'  iruinea-j)i,<j:s  failed  to  reveal  a  spirochaete). 

Tile  innnnnisati<»n  of  the  horse  was  continued  until  the  middle  of  March 
1918,  bv  which  time  :>•')  immunising  doses  had  been  given.  On  March  28  the 
animal  was  bled  again.  The  potency  of  this  batch  of  serum  has  not  yet  been 
tested  because  of  the  loss  of  the  strain  of  spirochaetes  which  was  being  passed 
through  guinea-pigs.  Since  January  1917  the  strain  had  been  passed  from 
guinea-pig  to  guinea-pig  until  March  1918  when  owing  to  a  temporary 
shortage  of  young  guinea-pigs  adult  guinea-pigs  had  to  be  used.  The  first  of 
these  died  in  seven  days  of  spirochaetosis,  but  material  from  it  failed  to 
produce  the  disease  in  a  second  adult  guinea-pig. 

'  The  first  batch  of  serum  sent  out  for  the  treatment  of  cases  was  from  the 
first  horse  taken  before  the  last  and  fatal  dose  of  antigen.  The  titre  of  this 
serum  was  not  very  high  (between  0-2  and  0-1  c.c.)  but  it  was  higher  than 
that  of  the  serum  (titre  0-5  c.c.)  used  by  the  Japanese  in  their  first  series  of 
cases.  It  was  therefore  supplied  for  trial  in  any  case  which  might  arise  before 
a  more  potent  serum  became  available. 

The  therapeutic  results  obtained  by  the  Japanese  workers  (Inada,  Ido. 
Hoki,  Ito  and  Wani,  1916)  with  the  low  titred  serum  were  very  favourable. 
The  serum  considerably  reduced  the  mortality  rate  and  was  found  to  be 
capable  of  destroying  completely  the  spirochaetes  in  the  circulating  blood. 
Moreover  the  treatment  promoted  the  development  of  antibodies  and  reduced 
the  number  of  spirochaetes  in  the  organs.  At  first  they  injected  10  c.c.  of  the 
serum  into  the  subcutaneous  tissues  daily  for  three  days  but  experience 
showed  that  this  dosage  was  ineffectual.  They  therefore  increased  it  gradually 
until  finally  they  injected  60  c.c.  in  24  hours.  Later  on  they  injected  the  serum 
intravenously  and  they  found  that  this  method  far  exceeded  in  potency 
subcutaneous  injection.  In  a  recent  publication  (1918)  these  observers  give 
the  results  of  the  intravenous  serotherapy  of  41  cases  of  infectious  jaundice. 
The  spirochaetocidal  titre  of  the  sera  used  in  this  series  was  0-01  and  0-03  c.c. 

As  a  rule  they  injected  60  c.c.  intravenously  irrespective  of  severity  of 
illness.  Sometimes  the  entire  quantity  was  given  within  24  hours;  at  other 
times  40  c.c.  in  one  day  and  20  c.c.  on  the  following  day,  or  20  c.c.  on  three 
successive  days. 

The  action  of  the  immune  serum  is  spirochaetocidal  and  spirochaetolytic 
and  best  results  are  obtained  when  injections  are  made  at  an  early  stage  of 
the  disease.  They  found  that  intravenous  injections  are  effective  up  to  the 
fifth  and  sixth  days  of  illness. 

5—2 
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The  total  mortality  Hf^ures,  particularly  of  the  severer  cascH,  was  con- 
siderably lower  ill  the  serum  treated  cases  (intravenous  and  subcutaneous) 
than  in  the  non-serum  treated  cases. 

When  the  serum  is  administered  early  the  disease  appears  to  assume  a 
milder  form.  The  immune  serum  shortens  the  duration  of  the  illness  and 
has  also  a  definitely  beneficial  influence  upon  haemorrhages,  heart  rhythm 
and  suppurative  processes. 

The  results  obtained  in  this  series  led  the  authors  to  the  conclusion  that 
a  titre  of  0-01  c.c.  suffices  for  the  efficient  serotherapy  of  infectious  jaundice. 

The  November  24  serum  from  my  second  horse  attained  to  this  standard 
and  should  therefore  be  as  effective  in  the  treatment  of  the  disease  as  the 
Japanese  serum. 

T  have  not  vet  anv  results  to  record  of  the  therapeutic  use  of  the  serum. 
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THE  ATYPTCAL  DYSENTKI^Y  BACTLLf. 

I^'  T.  J.  MACKIK,  M.P>.,  D.lMl., 
Professor  of  Bacteriology,  University  of  Caj)e  Town. 

As  there  appears  to  be  a  considerable  amount  of  uncertainty  (as  evidenced 
by  recent  writings  on  this  subject)  regarding  the  biological  relationships  and 
the  etiological  significance  of  the  so-called  ''atypical  B.  dysenteriae,''  this 
short  communication  is  intended  as  a  brief  resume  of  conclusions  arrived  at 
in  the  course  of  an  extended  investigation  of  dysentery  bacilli  in  Egypt 
during  1916  and  1917.  It  is  to  be  noted  that  the  results  recorded  here  were 
obtained  from  the  examination  of  cases  of  dysentery  observed  in  the  earliest 
stages  and  frequently  followed  into  convalescence.  Such  experience  has 
shown  that  conclusions  derived  solely  from  an  investigation  of  the  later 
stages  of  the  disease,  e.g.  convalescents  examined  after  arrival  from  over-seas 
in  the  United  Kingdom,  throw  little  light  on  the  problem  of  the  bacterial 
etiology  of  the  disease  as  a  whole.  In  a  paper  by  Thomson  and  Mackie  (1917)^ 
on  the  clinical  and  laboratory  study  of  dysentery  in  Egypt  a  number  of 
atypical  dysentery  strains  were  described,  but  at  the  time  this  communication 
was  submitted  for  publication  my  observations  were  not  sufficiently  complete 
to  make  any  general  statements  regarding  organisms  of  this  type  and  no 
attempt  was  made  to  classify  them. 

When  atypical  and  inagglutinable  strains  were  first  encountered  in  the 
course  of  laboratory  examination  of  dysentery  cases,  the  tendency  was  to 
disregard  their  occurrence  and  only  the  classical  types  were  accepted  for 
diagnostic  purposes.  As  time  went  on,  however,  and  as  the  proportion  of 
cases  from  which  classical  dysentery  bacilli  could  be  isolated  was  unexpectedly 
low,  attention  was  once  more  directed  to  these  atypical  varieties  especially 
when  they  occurred  in  large  numbers  in  the  excreta  during  the  earlier  phase 
of  an  acute  case  in  which  amoebae  were  absent.  Some  of  them  corresponded 
in  all  their  cultural  reactions  to  the  Shiga  or  Flexner-Y  types,  but  failed  to 
react  to  specific  agglutinating  sera.  These  came  to  be  designated  "inagglutin- 
able B.  dysenteriae  Shiga  or  Flexner-Y."  Only  a  few  of  these  became 
agglutinable  after  repeated  subcultures  on  artificial  media,  when  tested  two 
to  three  months  after  isolation,  and  some  which  in  primary  culture  appeared 
to  correspond  to  this  designation  rapidly  uiulerwent  s])ontaneous  mutation 

•  Journ.  Roijdl  Army  Med.  Corps,  xxviii.  4(>.'i.    'l'h<'  present  author  is  personally  responsible 
for  the  baeteriolo^ieal  notes  in  this  paper. 
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aiul  (lisplciyt'd  fermentative  characters  vvliicli  clearly  dift'erentiated  them 
from  the  classical  types.  The  close  biological  similarity  to  the  group  of 
|classical  dysentery  bacilli  was  nevertheless  very  striking,  and  from  their 
constant  occurrence  in  a  certain  proportion  of  all  the  acute  dysenteries  and 
their  characteristic  toxic  effects  on  animals  {v.  infnt),  they  came  to  be 
accepted  as  dysentery  producing  organisms. 

CLINICAL  TYPES  OF  DYSENTERIC  INFECTIONS. 

Dysenteric  infections  displayed  a  considerable  diversity  in  their  mani- 
festations and  varied  from  the  typical  acute  attack  of  dysentery  with  the 
characteristic  blood  and  mucus  stools,  to  a  simple  diarrhoeal  illness  without 
obvious  blood  or  mucus  discharges.  Generally  speaking  the  latter  type  was 
characterised  by  the  presence  of  more  or  less  abundant  cellular  exudate 
evident  on  microscopic  examination  of  the  stools.  Thus  two  types  of  infection 
might  be  distinguished:  (1)  an  acute  type  with  blood  and  mucus  in  the  stools, 
(2)  a  milder  type  with  fluid  stools  containing  abundant  cellular  exudate  but 
without  blood  or  mucus.  This  distinction  is  of  importance,  as  will  be  seen 
later,  in  determining  the  relationship  of  the  atypical  dysentery  bacilli  to  the 
classical  organisms  as  regards  their  pathogenic  effects.  The  typical  dysentery 
bacilli  (Shiga  and  Flexner-Y  types)  were  found  to  be  associated  with  both 
the  severe  and  the  milder  infections,  but  the  great  majority  of  the  Shiga 
infections  were  of  the  acute  type  while,  in  the  case  of  the  Flexner-Y  infections, 
the  proportion  of  acute  cases  was  smaller  and  the  number  of  ordinary  diarrhoeal 
cases  larger  as  compared  with  the  Shiga  infections  (see  also  below). 

B.  DYSENTERIAE  ShIGA  STRAINS. 

The  Shiga  strains  isolated  invariably  corresponded  in  their  cultural  and 
biochemical  reactions  to  the  classical  type  and  showed  a  specific  agglutination 
reaction  (i.e.  to  end  titre)  with  a  Shiga  agglutinating  serum.  Only  a  few  strains 
which  corresponded  in  cultural  reactions  to  the  Shiga  type  and  did  not 
agglutinate  in  primary  culture,  became  agglutinable  after  repeated  subculture. 
No  non-mannite  fermenting  strains,  which  resembled  the  Shiga  type  in  most 
of  their  cultural  characters,  but  differed  as  regards  the  fermentation  of  maltose 
or  the  production  of  indol,  ever  agglutinated  with  the  Shiga  serum.  I  originally 
thought  that  such  strains  and  also  the  so-called  inagglutinable  B.  Shiga 
might  be  "variants"'  from  the  classical  type,  and  this  was  noted  in  the 
original  paper  by  Thomson  and  myself.  I  ultimately  classified  these  along 
with  the  atypical  dysentery  bacilli. 

B.  DYSENTERIAE  FlEXNER-Y  STRAINS. 

In  the  ultimate  identification  of  organisms  of  the  Flexner-Y  type,  the 
Ijister  Institute  Y  serum ^  was  used:  and  it  may  be  said  that  the  strains  of 

^  Prepared  with  the  original  strain  of  Hiss  and  Russell,  see  Chick,  Lancd,  April  22,  1916. 
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this  uiouj)  in\;iii;iltl\'  coiicsixmdcd  in  I  licif  ciiltiiiiil  characters  to  the  classical 
types  and  showed  a  spevijic  n«,'<,duti nation  reaction  with  this  serum  to  end 
titro.  Saccharose  forniontin<^'  strains  which  reacted  to  specific  serum  have 
bciMi  (h'scrihcd  l)y  other  ()l)servers,  ('.jj.  Martin^,  Glynn  and  ^thers^,  but  I 
invariably  found  tiiat  the  Kh'xner-Y  strains  failed  to  ferment  saccharose  and 
lactose, and  Ihat  mannite  ferm(Mitin<^  strains  which  after  some  days'  incubation 
fermented  saccharose  or  lactose  were  not  agglutinated  by  the  Y  serum, 
accordingly  they  were  classified  with  the  atypical  f^roup. 

A  "  Klexner  Seru?n"'  (R.A.M.  (Jolle^^e)  wns  also  used  in  parallel  series 
in  the  a<^o:luti nation  tests  of  a  considerable  number  of  mannite  ferrnenters 
and  only  a  small  proportion  of  these  reacted  to  it  even  in  low  titres. 

1  prepared  a  high  titre  agglutinating  serum  to  a  strain  which  reacted 
specifically  to  the  Lister  Y  serum,  but  not  to  the  Flexner  serum,  and  found 
that  this  serum  only  agglutinated  a  small  number  of  strains  which  were 
agglutinated  to  end  titre  by  the  Lister  Y  serum,  and  none  of  these  reacted 
to  the  Flexner  serum.   This  may  be  represented  as  follows: 

Flexner  Serum  to  a  strain 
Lister            R.A.M,  College  agglutinated  by 

Y  serum  serum  Y  serum 

A.  Majority   of  strains   of   Flexner-Y 

group  +  -  - 

B.  A    small    number    of    strains    of 

Flexner-Y  group  .,.,.....  +  +  — 

C.  A     small     number    of    strains     of 

Flexner-Y  group  (not  the  same 

strains  as  are  included  in  group  B)  +  —  ,  + 

(  + )  indicates  agglutination  up  to  "end  titre"  of  the  serum. 

This  subject  requires  further  investigation,  but  it  w^ould  appear  that  the 
Flexner-Y  group  includes  perhaps  a  number  of  species  and  that  the  strain 
wdth  which  the  Lister  Y  serum  is  prepared  represents  antigenic  properties 
common  to  practically  the  whole  group.  A  strain  which  was  agglutinated  by 
the  Flexner  serum  was  invariably  agglutinated  by  the  Y  serum.  Chick ^  has 
also  noted  the  more  restricted  degree  of  specificity  shown  b}^  "Flexner" 
sera  for  mannite  fermenting  strains  as  compared  with  the  action  of  Y  serum. 
It  is  further  noteworthy  that  some  strains  of  "Shiga"  are  agglutinated  up  to 
end  titre  by  this  "Y"  serum.  Only  a  small  number  of  strains  found  to  be 
inagglutinable  in  primary  culture  became  agglutinable  after  subculture. 

With  regard  to  the  agglutination  of  organisms  of  the  dysentery  group,  it 
is  to  be  noted,  that,  as  contrasted  w^ith  the  typhoid  group,  sedimentation 
occurs  comparatively  slowly  and  the  clumps  are  much  smaller  and  the 
sediment  is  granular  rather  than  flocculent.  The  results  recorded  here  were 
obtained  by  incubating  organisms  (suspensions  of  24  hour  agar-cultures)  and 
serum  for  two  hours  at  37°  C.  and  then  allowing  the  tubes  to  stand  overnight 
at  room-temperature. 

1  Martin,  Bril.  Med.  Journ.  i.  April  14,  1917. 

-  Glynn,    Berridge,    Foley,    Price    and    Robinson,    Report    to    Medical    Research    Committee, 
December,  1917.  ^  Lancet,  April  22,  191(). 
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The  "atypical  B.  DYSEyrKniAEy 

This  group  may  now  be  defined  as  (1)  Gram- negative,  non-motile  bacilli, 
not  liquefying  gelatin,  always  fermenting  glucose  without  gas  production, 
(2)  different  strains  varying  as  regards  the  fermentation  of  lactose,  dulcite, 
saccharose,  mannite,  maltose  (but  never  producing  gas  in  any  case)  and  the 
formation  of  indol  from  peptone,  and  (3)  not  agglutinated  by  a  Y,  Flexner, 
or  Shiga  serum.  The  cultural  reactions  when  once  acquired  are  all  stable, 
as  determined  by  repeated  examination  of  strains.  The  reactions  of  some  of 
the  types  met  with  are  shown  in  Table  T. 

Table  I. 

Atypical  Dysenter}/  Bacilli. 
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^Corresponds  to  B.  dysenteriue 
\  Shiga  but  not  agglutinable 
(     by  specific  anti-Shiga  scrum 


Correspond  to  B.  dysenieriae 
Flexner- Y  but  not  agglu- 
tinated by  specific  anti-Y 
serum 


(Corresponds  to  B.  dysenieriae 
I      Strong 


1  "  acid  no  gas. 
These  reactions  when  once  acquired  are  all  stable  as  determined  by  repeated  examination 
of  strains. 

The  numerical  classification  is  based  on  the  various  possible  combinations  of  cultural  reactions. 

All  the  various  types  were  proved  to  be  extremely  virulent  by  intravenous 
or  intraperitoneal  injection  of  rabbits,  producing  a  characteristic  haemorrhagic 
enteritis,  which  was  most  marked  in  or  limited  to  the  small  intestine.  In 
fact,  the  virulence  experiments  demonstrated  a  highly  selective  toxic  action 
on  the  mucosa  of  the  small  intestine  (affecting  the  stomach  to  a  less  degree), 
which  on  autopsy  was  found  to  be  intensely  inflamed  with  massive  haemor- 
rhages in  the  tissue,  and  the  lumen  of  the  intestine  was  usually  distended 
with  blood-stained  muco-purulent  material  loaded  with  cellular  exudate  and 
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masses  of  exfoliated  epitlicliuiii.  in  1  lie  case  of  intraperitoneal  injections, 
often  there  was  little  reaction  in  the  jjcritonciun,  but  the  characteristic  effect 
on  the  intestine  was  distinct.  Cultures  from  the  intestinal  contents  usually 
yielded  an  almost  pure  growth  of  the  ])articular  organism.  These  results  were 
obtained  as  a  rule  l)y  injectin<^  ^  or  ]  of  an  agar  slope  culture  in  saline  and 
the  animals  died  in  about 'il  hours.  Some  strains,  however,  including  a  number 
of  aty])i(al  xaiicties,  exhibited  a  much  liighci-  virulence  and  the  intravenous 
injection  of  ./^  of  a  24  hours'  agar  slope;  culture;  produced  the  characteristic 
haeniorrhagic  enteritis.  Comparative  tests  with  a  recently  isolated  Shiga  and 
a  No.  2  strain  (see  table)  showed  that  the  latter  was  distinctly  the  more 
virulent.  This  capacity  for  producing  haemorrhagic  enteritis  may  be  regarded 
])ractically  as  an  attribute  peculiar  to  the  dysentery  group — typical  and 
atypical.  The  lesion  differs  from  the  punctiform  haemorrhages  sometimes 
met  with  in  the  intestinal  wall  in  various  types  of  septicaemia. 

From  their  occurrence  in  large  numbers  in  early  cases  of  acute  dysentery, 
in  the  absence  of  the  classical  types,  and  their  characteristic  effects  in  animal 
experiments  (which  were  found  to  be  similar  to  those  produced  with  the 
classical  Shiga  and  Flexner-Y  types),  together  with  their  close  biological 
similarity  to  organisms  of  the  typical  dysentery  group,  it  was  concluded  that 
these  atypical  organisms  were  to  be  regarded  as  true  dysentery  bacilli^.  This 
group,  of  course,  includes  organisms  which  have  been  designated  "inagglutin- 
able  Shiga  and  Flexner  types,"  but  it  would  appear  more  rational  to  avoid 
this  designation  and  class  all  the  organisms  with  the  group  characters  given 
above  as  atypical  or  paradysentery  bacilli.  In  this  group  mutations  and  also 
late  fermentations  were  frequently  noted,  and  organisms  which  would  on 
first  examination  have  been  designated  inagglutinable  Flexner  varieties  soon 
developed  additional  fermentative  characters. 

Clinical  significance  of  atypical  B.  dysenteriae. 

As  regards  the  type  of  infection  due  to  these  organisms,  the  majority  of 
the  cases  were  of  the  milder  type  and  the  proportion  of  cases  with  the  typical 
acute  signs,  i.e.  passing  of  blood  and  mucus,  was  lower.  Nevertheless  severe 
types  of  dysentery  were  not  infrequently  met  with  apparently  due  to  these 
varieties.  To  sum  up,  the  Shiga  infections  were  mostly  of  the  severe  type 
and  the  atypical  B.  dysenteriae  infections  of  the  milder  type,  while  the 
Flexner-Y  infections  occupied  an  intermediate  position  in  this  respect. 
Atypical  organisms  have  been  isolated  from  stools  within  a  few  minutes  from 
the  time  they  were  passed,  and  were  the  predominating  organism  present. 
Thus  there  is  no  support  for  the  suggestion  that  these  are  accidental  con- 
taminations in  faeces  kept  for  some  time. 

^  In  the  case  of  infections  with  B.  Shiga  and  B.  Flexner  the  agglutination  reaction  of  the 
patient's  serum  was  found  to  be  so  variable  and  unreliable  and  so  frequently  absent,  except  in 
such  low  titres  (1:50  or  less)  as  to  introduce  the  fallacy  of  a  normal  scrum  eflfect,  that  no 
investigation  of  this  reaction  was  carried  out  in  the  case  of  the  atypical  infections. 
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MlXKi)   INKKCTIONS. 

In  certain  instances  mixed  infections  with  typical  and  atypical  organisms 
were  noted,  but  these  were  rehitivelv  uncommon. 

Method  of  isolatinc;  li.  i>YSKNTKitiAi':. 

It  is  not  out  of  place  here  to  refer  briefly  to  the  isolation  of  the  dysentery 
bacilli.  The  medium  I  have  generally  employed  and  found  most  satisfactory 
has  been  MacConkey's  agar.  The  use  of  a  modified  MacConkey's  medium 
containing  trypsinised  heart  extract  did  not  appear  to  give  appreciably  better 
results.  On  MacConkey's  medium  the  colonies  of  the  Shiga  bacillus  were 
usually  the  smallest,  and  those  of  the  atypical  organisms  the  largest,  but 
considerable  variations  were  noted.  The  faeces  must  be  examined  as  soon 
as  possible  after  evacuation;  repeated  cultures  from  numerous  specimens 
have  shown  that  in  general  at  room- temperature  (Egypt  in  winter)  the 
dysentery  organisms  cease  to  be  recoverable  after  six  to  eight  hours,  although 
exceptionally  they  may  persist  much  longer. 

Frequency  of  dysentery  bacilli  in  the  faeces  at  different 

stages  of  the  disease. 

During  the  first  few  days  of  the  illness,  the  dysentery  bacilli  were  present 
in  enormous  numbers  and  often  in  almost  pure  culture;  after  this  they  tended 
to  disappear  and  to  be  replaced  by  "concomitant  organisms,"  see  Table  II, 
e.g.  B.  Morgan  No.  1  and  other  similar  organisms  (B.C.L.A.,  Nos.  1,  2,  3,  etc.), 

Table  II. 
Conconiil((ni  Bacilli. 


o 


B.  Morgan  No.  1     ... 

B.C.L.A.NO.  1 

„        No.  2         ... 
No.  3 
No.  6 
No.  7 
B,  faecalis  alkaligeues 

B.  paracolon  types  . . . 
B.  proteus  types 


All  gram-negative  bacilli. 

The  coeco-bacillus  referred  to  in  the  text  is  morphologically  coccal,  but  with 
bacillary  forms. 

+  =  acid  and  gas  in  the  fermentation  tests. 
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B.  fae.ndis  (ilk(tJi(j('iicx.  B.  paritcoUm  ty|)es.  B.  profr.us.  B.  pi/ocyaneus,  Slaphylo- 
cocci,  and  a  (iiaiii-iu'i^Mtivo  non-mot ilc  iion-caiholiydrate-ferniontin^  cocco- 
hacillns.  Thus  at  a  later  .sta.^('  of  it  dyscntc^ric,  illnoss,  })l}ite  cultures  sliowod 
lari:t'  numbers  of  colonies  of  these  concomitant  bacilli  and  dysentery  bacilli 
wei-e  absent.  It  is,  of  course,  dillicult  to  determine  the  actual  part  played  by 
tliese  or^fanisms.  but  it  wouM  appear  as  if  the  dysentery  bacilli  proper  often 
only  initiated  the  lesions  and  that  these  other  organisms  acted  in  aggravating 
oi'  maintaining  the  diseas(\  In  a  considerable  nund)er  of  autopsies  at  various 
stages  in  which  cultures  were  made  directly  from  the  floor  of  intestinal  ulcers 
and  from  necrotic  tissue  no  dysentery  bacilli  were  isolated,  but  cultures  of 
these  various  concoinitants  were  obtained.  These  results  render  the  signifi- 
cance of  bacteriological  findings  in  convalescent  cases  of  extremely  dubious 
value  so  far  as  throwing  light  on  the  etiology  of  bacillary  dysentery  is  con- 
cerned. 
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THE  ASSOCIATION  OF  RICKETTSIA  WITH 
TRENCH  FEVER. 

By  J.  A.  ARKWRIGIIT,  M.D.,  A.  BACOT  and  F.  MARTIN  DUNCAN. 

(From  the  Lister  Institute  of  Preventive  Medieine.) 
(With  Plates  II  and  IH.) 

The  following  contains  a  preliminary  account  of  the  work  on  the  Etiology 
and  Pathology  of  Trench  Fever  which  has  been  done  at  the  Lister  Institute 
in  connection  with  the  War  Office  Committee  on  Trench  Fever  under  the 
Chairmanship  of  Major-General  Sir  David  Bruce,  F.R.S.  A  first  account 
from  the  Clinical  side  has  been  published  in  a  paper  by  Major  Byam,R.A.M.C., 
and  his  colleagues  at  the  New  End  Military  Hospital,  Hampstead,  and  read 
before  the  Society  for  Tropical  Medicine  and  Hygiene  in  May  of  last  year. 
We  have  been  mainly  dependent  for  our  material  on  Major  Byam  and  the  rest 
of  the  Medical  Staff  of  the  New  End  Hospital  and  are  very  much  indebted  to 
them  for  their  help  and  courtesy.  We  are  under  an  especial  obligation  to 
Lieut.  [.1.  Lloyd,  R.A.M.C,  who  has  carried  out  that  part  of  the  entomo- 
logical work  done  at  the  Hospital,  taking  immense  pains  in  supervision  and 
in  obtaining  the  material  which  we  required. 

HISTORY  AND  DESCRIPTION  OF  RICKETTSIA  BODIES. 

The  class  of  microorganism  to  which  the  name  of  Rickettsia  has  been  given 
by  da  Rocha-Lima  is  associated  chiefly  with  two  human  diseases.  Typhus 
and  Trench  Fever  and  the  lice  which  transmit  them.  The  parasites  found  in 
Rocky  Mountain  Spotted  Fever  are  probably  very  closely  related;  they  are 
described  as  occurring  in  blood  films  and  in  very  large  numbers  in  the  Tick, 
which  transmits  this  disease,  by  Ricketts  (1909),  Wolbach  (1916,  1918).  A 
fourth  species  has  been  found  by  Noller  (1917)  in  the  "sheep  tick,"  Melophagus 
ovinus;  this  species,  R.  melophagi,  is  not  known  to  be  associated  with  any 
mammalian  disease.  Topfer  (i.  1917)  further  associates  war  nephritis  with 
another  form  of  Rickettsia. 

The  chief  characters  distinctive  of  Rickettsia  are  the  following :  ( 1 )  morpho- 
logy: they  are  of  very  small  size,  0-3  to  0-5  x  1-5  to  2-0  microns.  Their  shape 
resembles  a  coccus,  diplococcus  or  a  short  bacillus.  They  stain  rather  feebly 
by  aniline  dyes,  do  not  retain  Gram's  stain,  and  are  not  acid  fast,  but  stain 
well  by  Giemsa,  when  they  appear  as  small  dots,  double  cocci,  or  bipolar 
staining  bacilli  with  an  unstained  central  part.    They  are  non-motile.    [2) 
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Occurrence  in  the  blood:  they  occur  in  blood  lilms  spjiiscly.  and  are  best  seen 
in  (lehacmoi^dobinised  lliick  drops  (akcii  duiiiiLT  the  periods  of  fever  ( llocky 
Mountain  Fever,  Ricketts,  1909;  'ryi>lms.  Hi(k<'1  Is  and  Wilder,  1910;  Trench 
Fever,  Topfer.  x.  191(5).  It  is,  howevei',  now  j^MMierally  acknowledged  that  the 
reco<^nition  of  scanty  Rickellsi<t  in  the  blood  or  tissues  is  very  difficult  and  un- 
certain. (15)  Occurrence  in  the  instH't  vector:  Kicketts  and  Wilder  (1910)  found 
these  microorganisms  in  the  louse  in  Mexican  Typhus.  Ser^^ent,  Foley  and  Vial- 
latti  (1911),  da  Rocha-Lima  (1910),  Topfer  and  others  confirmed  this  observa- 
tion and  described  enormous  numbers  of  the  parasite  in  the  mid^njt  of  lice 
that  had  bitten  a  patient  during  the  height  of  the  fever  a  few  days  previously. 
(A)  Artificial  culture:  attempts  to  cultivate  Rickettsia  on  artificial  media  have 
been  usually  unsuccessful,  but  Noller  records  that  he  grew  B,.  wdophagi  on  a 
blood  agar  medium.  The  claims  made  by  Topfer  (1917)  and  Csernel  (1910) 
appear  to  have  been  based  only  on  single  occurrences  and  are  unconfirmed. 

There  has  been  a  tendency  to  regard  Rickettsia  as  a  Protozoon  as  first  sug- 
gested by  Prowazek  and  favoured  by  da  Rocha-Lima.  The  reasons  for  this  view 
appear  to  be  largely  a  priori,  on  account  of  the  fact  that  it  is  insect-borne, 
the  relapsing  character  of  the  fever  in  Trench  Fever,  and  in  addition  the 
peculiar  staining  properties  attributed  to  the  bodies  by  da  Rocha-Lima. 
However  Ricketts,  Wilder,  Topfer  and  the  present  writers  find  that  with 
Giemsa  the  staining  reaction  is  very  like  that  of  other  bacteria. 

Nevertheless,  this  class  of  microorganism  and  its  associated  diseases  appear 
to  have  sufficiently  distinct  characteristics  to  justify  the  retention  of  the 
name  Rickettsia  for  the  present. 

THE  ASSOCIATION  OF  TRENCH  FEVER  AND  RICKETTSIA  BODIES. 

The  presence  of  the  virus  of  Trench  Fever  in  the  blood  of  patients  during 
and  just  after  a  febrile  attack  w^as  shown  by  McNee,  Renshaw  and  Brunt 
(12.  ii.  1916)  by  transmitting  the  disease  to  man  by  intravenous  or  intra- 
muscular injection  of  blood.  This  has  been  confirmed  and  amplified  by  the 
War  Office  Committee  on  Trench  Fever  in  England,  and  the  American  Red 
Cross  Medical  Research  Committee  in  France  (1918);  the  latter  also  made 
additional  experiments  on  plasma,  filtered  material,  etc.  A  few  inoculation 
experiments  in  Germany  (Werner,  Benzler  and  Wiese  (ix.  1916))  have  also 
been  published.  Several  observers  (Jungmann  (iii.  1916),  Topfer  (iii.  1916) 
and  others)  claim  to  have  seen  definite  bodies  in  the  blood  in  wet  and  dry 
preparations  which  resemble  diplococci  or  bipolar  staining  bacilli  and  are 
like  those  described  by  Ricketts  in  Rocky  Mountain  Spotted  Fever,  and  by 
Ricketts  and  Wilder  in  Typhus. 

The  suspicion  that  lice  were  concerned  in  the  spread  of  Trench  Fever  was 
suggested  in  McNee's  paper,  and  has  been  supported  by  the  evidence  of  Davies 
and  Weldon  (3.  ii.  1917).  Jungmann  and  Kuczinski  (iii.  1917),  Werner  and 
Benzler  (v.  1917)  also  make  statements  on  the  subject,  which,  however,  do  not 
afford  very  satisfactory  pioof  of  this  mode  of  transmission. 
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The  War  Office  Coiumittee  working  iii  Engluiid  (Hyaiii  (v.  IIH^S))  and  the 
American  Medical  Research  Committee  in  France  have  shown  conclusively  that 
the  disease  is  readily  transmitted  by  lice  from  patients  to  healthy  volunteers. 
The  former  Committee  has  shown  that  the  excreta  or  the  body  contents  of 
infected  lice,  rubbed  into  a  scarified  area  on  the  skin  of  a  healthy  man  almost 
invariably  reproduces  the  disease,  usually  with  relapses,  and  other  character- 
istic symptoms  after  an  incubation  in  man  of  six  to  1 4  days.  They  also  showed 
that  infected  lice  fed  for  over  30  days  on  several  healthy  men  failed  to  infect 
them,  although  the  lice  were  frequently  fed  on  Trench  Fever  patients  during 
that  time.  The  latter  Committee  found  that  when  infected  lice  were  allowed 
to  feed  on  healthy  men  the  majority  contracted  Trench  Fever  after  a  period  of 
about  2-1  weeks  had  elapsed. 

Topfer  (17.  x.  1916)  described  microorganisms  in  lice  from  Trench  Fever 
patients  which  very  closely  resembled  those  found  in  lice  from  Typhus  Fever, 
but  claimed  that  he  could  distinguish  the  two  kinds  of  parasites — those 
associated  with  Trench  Fever  being  shorter  and  thicker  than  those  from 
Typhus  lice,  but  he  did  not  consider  important  da  Rocha-Lima's  distinction 
between  Typhus  and  other  kinds  of  Rickettsia,  namely,  the  invasion  of  the 
epithelial  cells  of  the  gut  wall  by  the  former.  He  states  that  some  of  the  lice 
caught  on  every  Trench  Fever  patient  contained  these  parasites,  and  that 
uninfected  lice  fed  on  Trench  Fever  patients  were  found  subsequently  to 
harbour  similar  forms.  These  microorganisms  were  first  found  in  the  midgut 
of  lice  on  the  5th  day  after  the  first  infecting  feed  and  were  present  in  very 
large  numbers  on  and  after  the  8th  day.  Not  every  louse  was  found  to  be 
infected. 

Jungmann  and  Kuczinski  (23.  iii.  1917)  state  that  they  regularly  produced 
a  fatal  infection  in  wild  mice  with  the  blood  of  Trench  Fever  patients  injected 
intraperitoneally  and  that  they  found  the  same  bipolar  staining  parasites 
in  the  peripheral  blood  of  the  mouse  and  in  the  patients'  blood.  They  also, 
like  Topfer,  found  that  the  guts  of  lice,  which  had  fed  on  patients,  became 
infected  with  parasites,  but  they  could  not  distinguish  them  froin  those 
found  in  Typhus  lice.  They  say  that  in  both  diseases  the  microorganism 
develops  inside  the  epithelial  cells  of  the  louse's  midgut.  They  state  that  the 
gut  of  an  infected  louse  injected  intraperitoneally  into  a  mouse  causes  its 
death  in  the  same  way  as  when  a  patient's  blood  is  inoculated.  They  infected 
normal  lice  by  letting  them  bite  Trench  Fever  patients,  and  both  these  and 
also  80  %  of  the  lice  caught  on  Trench  Fever  patients  were  found  to  be 
infected  on  microscopical  examination. 

Munk  and  da  Rocha-Lima  (30.  x.  1917)  confirm  the  occurrence  and 
multiplication  of  Rickettsia  in  lice  fed  on  Trench  Fever  patients.  Da  Rocha- 
Lima  claims  that  parasites  found  in  lice  fed  on  patients  suffering  from  the 
two  diseases  can  be  distinguished  by  the  position  in  and  destruction  of  the 
insects'  gut-cells  by  Rickettsia  froivazeki  \\hich  is  associated  with  Typhus, 
and  the  irregular  and  only  occasional  entrance  into  the  cells  by  Rickettsia 


J.  A.  Akkwkiciit,  a.  Uacot  and  F.  M.  Duncan  79 

(jiiinliUia  and  A*.  />c(h'rnl/  wliich  occiii'  in  lice  from  Troiich  Fovor  cases  and 
normal  lico  respectively,  lie  .icknowled^jes  that  \\v  is  unable  to  distinguish 
Ii.  (jHUilnnd  from  A*,  pcdiculi.  lie  maintains  that  th<'  inability  of  other  workers 
to  (listin«:uish  A*,  ptointzcki  from  the  ot  her  \v  o  spec  ies  is  due  to  their  examina- 
lion  liaxini:  Ixmmi  made  b\-  means  of  smcais,  whereas  a  differentiation  ca)i 
only  i)e  inaih'  with  certainty  by  examinin^i  sci'ial  sections  .*5  5  microns  thick, 
of  which  he  claiins  to  have  examined  over  25,000.  He  also  describes  slight 
moipholoirical  diilerences. 

ANIMAL  EXPERIMENTS. 

J)a  Rocha-Lima  states  that  he  infected  <,aiinea-pigs  and  produced  a 
characteristic  temperature  chart  by  inoculating  various  kinds  of  material 
(blood,  urine,  lice)  from  patients.  However,  only  seven  out  of  44  animals 
reacted  typically,  ten  slightly  and  27  not  at  all.  He  was  unable  to  pass  the 
disease  on  to  other  guinea-pigs  from  those  first  infected.  He  could  not  infect 
mice.  He  records  119  experiments  made  by  feeding  normal  lice  on  103  persons 
suffering  from  Trench  Fever,  or  other  fevers,  or  who  were  normal.  He  used 
lice  from  places  which  were  believed  to  be  free  from  Typhus,  or  lice  bred  in 
captivity.  Lice  which  showed  doubtful  appearances  or  only  scanty  Rickettsia 
were  excluded  from  the  results.  They  were  examined  partly  by  smears  and 
partly  by  serial  sections.  Of  70  experiments  on  Trench  Fever  patients  51 
gave  a  positive  result,  i.e.  at  least  one  louse  was  found  to  contain  Rickettsia. 
In  1 1  the  lice  remained  negative.  In  33  control  experiments  on  men  not 
suffering  from  Trench  Fever,  but  who  were  in  hospital  with  other  diseases 
or  were  healthy,  the  lice  fed  on  26  gave  negative  results  and  those  from  six 
positive  results;  the  lice  from  one  of  these  latter  were  heavily  infected  though 
the  patient  had  never  had  any  general  symptoms. 

Of  14  persons  examined  in  Hamburg,  where  there  had  been  no  Typhus 
fever,  in  two  the  majority  of  the  lice  were  strongly  infected.  One  of  these 
was  a  man  who  had  been  associated  with  soldiers  from  the  front. 

Trench  Fever  patients  were  able  to  infect  lice  with  Rickettsia  both  before, 
during  and  after  a  febrile  attack,  and  after  many  weeks  of  convalescence. 

TIME  OF  APPEARANCE  OF  RICKETTSIA  IN  THE  LOUSE. 

After  the  first  experimental  infecting  feed  on  a  patient,  R.  quintana  wsls 
commonly  found  in  lice  on  the  3rd  to  the  6th  day,  sometimes  in  large  numbers 
on  the  4th  day.  Lice  caught  on  patients  showed  the  parasites  usually  on  the 
6th  to  the  8th  day.  R.  prowazeki  was  commonly  well  seen  in  lice  after  the 
8th  day  from  the  first  experimental  feed  on  Typhus  patients,  and  only 
exceptionally  as  early  as  the  4th  or  5th  day. 

Trench  Fever  lice  remained  healthy,  but  Typhus  lice  often  died.  Lice 
infected  with  R.  quintana  remained  infected  after  long  continued  feeding  on 
a  healthy  man. 

Da  Rocha-Lima  failed  to  infect  by  the  bites  of  lice  containing  many 
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Rickettsia  of  the  R.  pediculi  type.  Korbscli  (191(>)  reports  a  failure  after  two 
•'infected"  lice  had  fed  on  him  for  eight  days,  and  also  no  result  following 
scarification  and  rubbing  in  of  a  single  "infected"  louse  on  two  occasions. 

Strisower  (iv,  1918)  described  three  cases  of  transmission  of  Trench  Fever 
to  men  by  feeding  infected  lice  on  them  and  also  claims  to  have  infected  mice 
and  cats  in  series.  Several  other  writers  (e.g.  His  and  8tintzing)  criticise  the 
work  on  Rickettsia  adversely  and  support  the  hypothesis  of  a  spirochaete  as 
the  infective  agent. 

DISCUSSION  OF  THE   FURTHER  EVIDENCE  IN  THE  LITERATURE  AS  TO 
THE  CAUSAL  RELATION  BETWEEN  TRENCH  FEVER  AND  RICKETTSIA. 

(1)  The  hypothesis  that  Rickettsia  causes  Trench  Fever  is  largely  founded 
on  the  analogy  of  Typhus  Fever  in  which  the  evidence  brought  forward  is 
more  complete  owing  to  experiments  on  monkeys  and  guinea-pigs.  The 
claims  to  have  infected  guinea-pigs,  cats,  mice  and  rabbits  with  Trench  Fever 
in  a  recognisable  form  are  very  unconvincing  in  the  published  reports. 

(2)  Observations  on  forms  resembling  Rickettsia  in  the  blood  of  Trench 
Fever  patients  are  very  difficult  to  interpret  and  unsatisfactory,  since  these 
forms  are  so  scanty  and  their  morphology  alone  when  present  in  small  numbers 
in  a  film  is  inconclusive. 

(3)  The  inability  to  obtain  growth  of  Rickettsia  on  artificial  culture  media 
make  inoculation  and  re-infection  experiments,  after  several  subcultures, 
impossible  at  present. 

(4)  The  chief  reasons  for  the  failure  to  obtain  acceptance  or  a  better 
hearing  for  Rickettsia  as  the  probable  cause  of  Typhus  and  Trench  Fever  are: 
(a)  The  not  very  rare  occurrence  according  to  Continental  observers  of 
Rickettsia  in  lice  from  sources  where  Typhus  and  Trench  Fever  have  not  been 
suspected;  (6)  connected  wdth  this  objection,  and  perhaps  largely  the  cause  of 
it,  is  the  difficulty  in  distinguishing  the  forms  of  Rickettsia  associated  with 
Typhus  and  Trench  Fever  from  each  other,  and  from  those  found  in  "  normal" 
lice.  There  is  no  agreement  as  to  definite  means  of  distinguishing  these 
parasites,  but  da  Rocha-Lima's  claim  to  differentiate  them  by  their  position 
in  serial  sections  is  more  convincing  than  Topfer's  very  slight  description  of 
differences  in  morphology,  (c)  The  confusion  has  perhaps  been  enhanced  by 
the  failure  of  the  German  observers  to  work  with  a  clean  stock  of  lice.  Da 
Rocha-Lima  did  use  some  lice  bred  in  the  laboratory,  but  he  makes  no 
statement  as  to  their  number  or  the  proportion  of  such  lice  used  or  the  results 
obtained  with  them,  as  distinguished  from  lice  caught  in  surroundings  believed 
to  be  free  from  infection.  Moreover,  the  captive  lice  would  require  feeding 
on  some  human  being  and  the  infection  of  laboratory  workers  with  Trench 
Fever  is  common. 

The  wide  distribution  and  high  incidence  of  Trench  Fever  on  the  Continent 
during  the  War  makes  it  very  difficult  to  obtain  definitely  uninfected  lice 
for  experiments  or  uninfected  men  on  whom  to  feed  them,  except  by  breeding 
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lice,  feodiiiu  iIkmii  oh  ;i   inaii  of  iiiiiiii})o.acluibIe  froedoni  from  Trench  Fever 
infection,  and  watcliin^'  their  excreta  thron<^h  several  ^venerations. 

(5)  TJie  connter-claims  of  other  workers  to  have  discovered  the  cause  of 
Trench  Fever  in  a  sj)ir()chaete  niaiidy  rest  on  the  very  insecure  basis  of 
occasional  observations  of  a  single  spirochaete  in  the  blood,  supported  by 
a  priori  ai'izunients,  except  in  the  case  of  (1)  Kienier  (i.  1917)  who,  in  addition, 
obtained  these  ori^'anisms  in  culture  from  one  patient,  but  his  observations 
ha\  e  l)een  unconlirnuML  and  (2)  Couvy,  Dujarric  and  de  la  ]liviere  (12.  i.  1918), 
who  experimentally  infected  guinea-pigs  with  patients'  blood  and  passed  the 
infection  on  to  other  guinea-pigs;  these  observers  recovered  the  spirochaetes 
in  considerable  numbers  from  the  kidneys,  etc.  Their  observations  have  so 
far  not  been  corroborated  by  other  workers. 

THE  AUTHORS'  OBSERVATIONS  AND  EXPERIMENTS. 

Elarly  in  1918  it  had  become  clear  from  the  experimental  work  on 
volunteers  of  the  Committee  (Byam  1918)  that  the  virus  of  Trench  Fever 
was  contained  in  a  very  active  form  in  the  excreta  and  bodies  of  lice,  since 
the  body  contents  of  11  lice  or  a  small  pinch  of  dry  excreta  was  sufficient  to 
infect  a  man  through  the  excoriated  skin. 

Much  microscopic  and  cultural  work  had  been  done  on  the  blood  of 
patients  by  previous  workers,  at  the  New  End  Hospital,  Hampstead, 
especially  by  Captain  Dimond,  and,  since  its  formation,  by  the  members  of 
the  War  Office  Committee. 

It  w^as  determined  therefore  early  in  May,  1918,  to  concentrate  our  atten- 
tion on  the  excreta  and  contents  of  the  intestinal  canal  of  infected  lice,  w^hile 
some  cultural  and  other  observations  on  the  blood  of  patients  w^ere  continued. 

Cultures  of  the  excreta  and  guts  of  lice,  both  infected  and  normal,  had 
sometimes  yielded  a  variety  of  bacteria  and  sometimes  been  sterile,  but  one 
form  of  Bacillus  was  the  most  constant  and  had  been  previously  studied  by 
Bacot.  In  young  cultures  on  agar  or  blood  agar  it  takes  the  form  of  a  coccus 
1-5  to  2-0  microns  in  diameter  and  is  often  seen  dividing.  In  older  cultures, 
and  sometimes  even  in  the  first  24  hours,  films  show  irregular  threads  amongst 
the  round  or  oval  organisms.  When  first  isolated  growth  takes  place  best  at 
about  27°  C,  but  later  it  grows  well  at  37°  C.  It  is  Gram-negative  and  non- 
motile;  ferments  glucose,  mannite  and  lactose  very  slowly;  forms  acid  and  clot 
in  milk  in  about  M  days,  and  is  not  pathogenic  for  guinea-pigs.  Attempts 
were  then  made  by  means  of  wet  and  dry  films  and  by  cultures  to  discover 
other  organisms  in  the  excreta  of  infected  lice  which  were  not  present  in  those 
of  normal  lice. 

One  or  two  films  made  by  the  late  Professor  PHmmer  from  the  excreta  of 
infected  lice  and  fixed  wet  with  formalin  and  iodine  vapour  showed  an  immense 
number  of  very  small  particles  which  were  probably  minute  organisms,  and 
turned  our  attention  to  a  search  for  the  Rickettsia  described  by  Topfer  and 
Rocha-Lima.    In  many  films  of  excreta,  whether  fixed  wet  or   dry,  a  large 
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number  of  stained  granules  were  seen,  which  recalled  descriptions  of  Rickettsia, 
but  it  was  very  difficult  to  distinguish  tfie  granules  of  altered  blood,  etc., 
from  the  more  definite  forms,  and  one  was  continually  in  doubt  as  to  whether 
one  was  looking  at  minute  microorganisms  or  precipitated  protein.  In  order 
to  get  rid  of  the  debris  of  red  corpuscles,  the  films  after  drying  were  fixed  for 
one  or  more  hours  in  absolute  alcohol  containing  20  drops  of  strong  hydro- 
chloric acid  per  c.c.  as  recommended  for  thick  blood  drops  in  Malaria  work 
by  W.  M.  James.  By  using  this  technique,  there  has  seldom  been  difficulty 
in  distinguishing  Rickettsia  when  present  from  granules  of  debris,  though  the 
disintegrating  nuclei  of  leucocytes  occasionally  have  presented  a  somewhat 
similar  appearance.  The  chief  further  source  of  error  lies  in  the  danger  of 
confusing  these  parasites  with  other  microorganisms,  especially  larger  bacteria 
only  stained  in  the  centre  or  at  the  poles,  and  with  the  small  bacteria  occasion- 
ally seen,  \vhich  approach  Rickettsia  in  size. 

The  criteria  which  we  have  adopted  in  deciding  on  the  presence  of 
Rickettsia  have  oeen  (1)  its  minute  size,  smaller  than  M.  melitensis  or 
B.  influenzae,  usually  about  0-3  x  0-3,  or  0-3  x  0-5/Lt;  (2)  its  irregularity  in 
shape,  round,  oval,  diplococcal  or  bacillary  with  stained  poles;  (3)  its  occur- 
rence in  very  large  numbers,  or  even  in  masses,  especially  on  flakes  of  solid 
material  in  the  excreta;  (4)  its  well-stained  appearance  when  coloured  by 
Giemsa,  the  colour  being  purple  like  that  of  the  nucleus  of  a  leucocyte. 

When  small  granules,  somewhat  resembling  Rickettsia  in  size  and  shape, 
but  stained  pink  or  lilac,  have  been  met  with,  or  if  the  bodies  have  been  very 
few^  and  scattered  about  the  film,  the  result  of  microscopical  examination 
has  been  recorded  as  negative  or  doubtful.  The  number  of  "doubtful" 
specimens  has  very  much  diminished  as  our  experience  has  increased,  and 
now  it  is  very  seldom  necessary  to  return  an  uncertain  result,  though 
Rickettsia  no  doubt  are  sometimes  present  but  unrecognized  on  account  of 
their  rarity  in  the  film. 

METHOD  OF  CONDUCTING  EXPERIMENTS  WITH  LICE. 

A  large,  healthy  stock  of  Pediculus  corporis,  maintained  by  Bacot  for  over 
three  years,  was  used.  The  lice  w^ere  confined  in  boxes,  covered  with  fine  gauze, 
and  were  fed  twice  daily  by  the  method  described  by  him  (Bacot,  1917).  When 
not  in  use  the  lice  were  kept  in  an  incubator  or  in  an  inside  pocket  at  27°  to 
30°  C.  except  in  those  experiments  in  which  another  temperature  is  recorded. 
The  lice  in  each  box  usually  numbered  50  to  100.  They  were  fed  once  or 
twice  for  20  to  30  minutes  on  Trench  Fever  patients  during  an  attack  of 
fever,  also  in  some  instances  during  non-febrile  periods;  thereafter  they  were 
fed  on  a  healthy  man  or  in  some  experiments  on  the  same  infected  man 
throughout. 

Excreta  were  examined  by  shaking  them  as  a  dry  powder  out  of  the  boxes 
through  the  gauze,  and  making  an  emulsion  on  a  glass  slide  with  a  drop  of 
salt  solution.    The  contents  of  the  gut  were  examined  by  dissecting  it  out 
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and  einulsifyin<j^  it  on  a  slide  with  needles  in  a  small  drop  of  salt  solution. 
Tlir  (ilin  was  dried  and  lixcd  in  acid  alcohol  and  stained  with  Giemsa.  Dead 
lice  were  also  examined  by  soaking  the  body  in  a  drop  of  salt  solution  and 
teasing  it  up  on  a  slide.  It  was  found  that  films  made  from  dead  lice  showed 
I^i('k('(tsi<t  very  clearly  when  these  were  present. 

Some  infected  and  uninfected  lice  were  also  examined  by  serial  sections. 

INCUBATION  OF  RICKETTSIA  IN  THE  LOUSE. 

It  was  found  that  it  a  boxful  of  lice  were  given  an  infecting  feed  the 
excreta  obtained  from  the  box  did  not  show  Rickettsia  for  some  days. 

Table  I. 

Showing  the  results  of  examining  microscopically  the  excreta  of  lice 
on  a  series  of  days  after  the  first  infecting  feed,  and  also  the  results  of 
inoculation  of  excreta  from  two  of  the  boxes,  150  and  134. 


Box  No. 

Days 
from 
first 
infect- 
ing 
feed 

1st 

2nd 

175 

142 

A  15 

A  18 

A  25 

A  34 

193 

A  33* 

150 

134 

Microsc. 
exam. 

Result 
of  in- 
ocula- 
tion 

Pwesult 
of  in- 
Microsc.   ocula- 
exam.      tion 

." 

-f? 

_ 

_ 



_ 

3rd 

- 

- 

- 

- 

- 

- 

... 

... 

-  ?         — 

4th 

-t- 

- 

... 

... 

- 

- 

- 

- 

... 

... 

... 

5th 

+  ? 

- 

- 

- 

- 

... 

- 

4- 

4- 

-  ? 

6th 

- 

- 

... 

+  ? 

- 

- 

- 

- 

- 

- 

... 

7th 

... 

-f 

... 

- 

- 

- 

- 

- 

4-  4- 

4- 

... 

8th 

... 

+ 

+  -f  + 

+  +  + 

- 

- 

- 

- 

- 

- 

4- 

9th 

-f 

+ 

+  + 

... 

- 

+ 

- 

- 

4- 

4- 

... 

10th 

+  + 

+ 

... 

+  -1-  -f 

+  +  + 

+ 

- 

- 

4- 

4- 

... 

11th 

... 

+ 

+  4-  + 

+  -1-  + 

+  +  + 

+ 

4- 

- 

4- 

4- 

12th 

+  -f 

+ 

... 

+  +  + 

+  +  + 

4- 

4- 

- 

+ 

13th 

+  +  + 

+  +  + 

-f  -f  -1- 

+  +  + 

4-4-4- 

+  4- 

- 

4- 

14th 

+  -f  -t- 

... 

-f  +  + 

4-  + 

4-4-4- 

... 

... 

15th 

... 

... 

+  -f  + 

... 

4-  4- 

4-  4- 

- 



16th 

+  + 

-^  +  -f 

+  +  + 

-f  -f  -f 

... 

4-4-4- 

- 



17th 

+  + 

... 

-f  +  + 

+  +  + 

+  4-4- 

+  4- 

- 

18th 

... 

-f  -f 

+  +  + 

... 

19th 

+ 

... 

+  +  + 

-f  4-  -f 

... 



20th 

-f  +  -f 

-f 

... 

+  +  + 

-f  +  + 

4-  +  4- 



21st 

... 

-f  +  + 

+  4-  + 

... 

22nd 

. . . 

+  +  + 

... 

... 

23rd 

. . . 

4- 

24th 

•  •  • 

... 

... 

•  • . 

4- 

4-  =  Rickettsia  seen  in  a  few  microscope  fields. 
4-  4-  =         „  „         several         „ 

+  +  +  =         ,,  ,,        enormous  numbers. 

-  =No  Rickettsia  seen. 
. . .  =  No  examination. 
*  The  lice  in  boxes  A  33  and  A  34  were  fed  at  the  same  time,  but  A  33  was  kept  at  about  20° 
and  A  34  at  27°  C. 
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When  Rickettsia  have  once  been  found  in  a  box  in  lar^e  numbers  they 
usually  continue  to  be  found  in  daily  examinations  till  all  the  lice  of  the 
infected  generation  are  dead. 

Table  I  shows  the  results  of  a  daily  microscopical  examination  of  the 
excreta  from  ten  of  the  boxes  of  experimental  lice  which  had  previously  fed 
on  a  Trench  Fever  patient.  The  results  of  a  series  of  experimental  inoculations 
into  volunteers  of  the  excreta  from  two  of  the  same  boxes,  150  and  134,  are 
also  shown.  It  is  seen,  (1)  that  Rickettsia  appear  in  the  excreta  after  a  series 
of  negative  examinations  following  the  infecting  feed,  and  (2)  that  the 
numbers  of  these  bodies  can  often  be  seen  to  be  smaller  when  they  first 
appear  than  on  later  days,  (3)  also  that  when  the  infection  is  thoroughly 
established  a  positive  result  is  obtained  every  day.  The  period  elapsing 
between  the  first  infecting  feed  and  the  recognition  of  Rickettsia  varies  from 
about  4  to  10  days  in  this  series.  Examinations  of  boxes  kept  at  about  20°  C. 
remained  consistently  negative;  though  the  lice  were  apparently  healthy. 

The  results  shown  in  this  table,  i.e.  an  incubation  period,  the  appearance 
of  Rickettsia  after  about  a  week  or  ten  days,  and  its  persistence  for  three 
or  four  weeks,  have  been  a  constant  phenomenon  when  we  have  been  able  to 
examine  a  series  of  specimens. 

Table  11  relates  to  experiments  with  20  boxes  of  lice  which  were  fed  on 
ten  different  patients  with  Trench  Fever.  The  boxes  were  examined  at 
frequent  intervals,  in  most  cases  daily,  either  by  making  films  from  the 
excreta,  or  from  lice.  It  is  seen  that  Rickettsia  was  first  seen  on  the  5th  to 
the  1 2th  day,  most  commonly  on  the  7th  to  the  10th  day  from  the  first 
infecting  feed,  when  the  lice  were  kept  at  about  27°  C.  between  the  feeds. 
Boxes  A  20  6,  A  28,  A  30,  and  A  33  were  kept  at  about  20°  C.  and  Rickettsia 
did  not  appear,  though  examinations  were  continued  till  the  17th,  19th  and 
22nd  day  from  the  infecting  feed  in  these  experiments.  It  was  also  showni 
that  if  a  box  was  kept  at  20°  C.  for  two  or  three  days  and  then  at  27°  C.  the 
parasites  were  found  after  a  w^eek  at  the  higher  temperature. 

Lice  in  eight  other  boxes  fed  on  seven  infected  patients  (six  of  whom  were 
different  men  from  those  mentioned  in  Table  II)  have  been  found  to  be 
infected  with  Rickettsia  after  a  variable  number  of  days,  but  the  examinations 
have  not  been  sufficiently  numerous  to  determine  the  date  when  these  first 
appeared.  In  two  of  them,  however,  the  parasites  were  present  in  the  excreta 
on  the  6th  day  and  in  one  on  the  7th  day  from  the  first  infecting  feed. 

Seven  other  boxes  of  lice,  which  have  been  fed  on  patients  believed  to  be 
suftering  from  Trench  Fever,  have  only  been  examined  on  two  or  three 
occasions,  and  Rickettsia  has  not  been  definitely  found. 

Table  II  also  shows  the  number  of  days  which  elapsed  after  an  infecting 
feed  before  the  excreta  were  proved  to  be  infective,  i.e.  capable  of  producing 
Trench  Fever  when  inoculated  into  volunteers  in  two  series  of  experiments. 

In  the  case  of  Box  134  the  excreta  from  the  1st  to  the  8th  day  did  not 
infect,  but  those  collected  on  the  12th  day  reproduced  the  disease,  whereas 
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Rickeilsitt  wcic  lirst  dcMiionstratcd  on  the  Slli  day.  The  excreta  from  I^iox  150 
sliowed  Rickettsia  on  llic  51  li  dav  and  tlic  same  specimen  of  excreta  infected 
a  volunteer.  Excreta  IVoni  Box  A  18  showed  the  ])arasite  microscopically  on 
the  8th  day,  and  a  nnxcd  sain|)l('  of  excreta  collected  on  the  8th  to  the  22nd 
day  proved  virulent  fo?-  man.  hut  they  were  not  tested  earlier  for  virulence. 


a  Die 


Showing  the  day  after  the  first  inf(H'tinj^'  feed  on  wliich  Rickettsia 
was  first  found  in  the  guts  or  excreta  of  lice. 

In  the  case  of  Boxes  134  and  150  the  day  when  infective  excreta 
were  first  obtained  is  also  shown. 


Source  of  infection  of  lice 


Day  from  infecUng  feed  on  wliicli 


No.  of 

boxes  of 

lice 

Kef.  No. 

of 
patient 

Day  of 
disease 

Febrile 
or  non- 
febrile 

Material 
examined 

Micro.scopic 

result  first 

positive 

Successful 

inoculation 

obtained 

102 

f  Ex.  46 
\Ex.  21 

2nd 
nth 

Febrile          ) 
Non-febrile  j 

Midgut 

10th 

... 

175 

Ex.  60 

1st 

Febrile 

>» 

9  til 

... 

134 

G. 

79th 

;» 

Excreta 

8th 

12th* 

150 

Ex.  33 

2nd 

?> 

>> 

5th 

5th* 

142 

Ex.  27 

2nd 

,, 

,, 

7th 

A  15 

A. 

2nd 

j» 

>> 

8th 

A  16 

A. 

5th 

Non-febrile 

>> 

5th 

A  18 

A. 

10th 

Febrile 

>> 

8th 

A  20  at 

A. 

23rd 

Non-febrile 

>» 

10th 

A  24 

Ex.  73 

25th 

8hghtly  febrile 

jj 

9th 

A  25 

C. 

43rd 

Non-febrile 

»> 

10th 

A  27 

A. 

29th 

»> 

»> 

12th 

A29t 

Ex.  81 

19th 

Febrile 

>> 

9th 

A31§ 

Ex.  81 

30th 

Slightly  febrile 

)> 

7th 

A  3411 

A. 

49th 

Non-febrile 

»> 

9th 

A  3511 

A. 

49th 

5» 

>> 

7th 

A20  6t 

A. 

23rd 

>> 

>> 

Negative  19th 

A28t 

Ex.  81 

19th 

Febrile 

>» 

17th 

A  3311 

A. 

49th 

Non-febrile 

j> 

17th 

A30§ 

Ex.  81 

30th 

Shghtly  febrile 

>> 

22nd 

... 

*  See  also  Table  I. 

t  Boxes  A  20  a  and  A  20  6  were  alike  and  treated  in  the  same  way  except  that  A  20  a  was 
kept  at  27°  C.  and  A  20  6  at  20°  C. 

%  Boxes  A  28  and  A  29  were  alike  and  treated  in  the  same  way  except  that  A  28  was  kept  at 
20°  C.  and  A  29  at  30°  C. 

§  Boxes  A  30  and  A  31  were  ahke  and  treated  in  the  same  way  except  that  A  30  was  kept 
at  20°  C.  and  A  31  at  27°  C. 

li  Boxes  A  33,  A  34,  A  35  were  alike  and  treated  in  the  same  way  except  that  A  33  was  kept 
at  20°  C,  A  34  at  27°  C.  and  A  35  at  32°  C. 

These  facts  show  a  general  agreement  in  that  the  virus  of  Trench  Fever  and 
Rickettsia  both  require  an  incubation  period  of  4  to  12  or  more  days  in  the 
louse  before  they  are  demonstrable — the  former  by  inoculation,  the  latter 
microscopically.    This  point  will  be  dealt  with  in  more  detail  further  on. 
The  lice  in  Boxes  162,  175,  134,  150  and  142  were  fed  on  the  infected  man 
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for  one  day  onlv,  and  afterwards  on  a  healthy  man.  Those  in  the  remaining 
boxes  in  Table  II  were  fed  twice  daily  on  the  same  or  another  infected  man. 
The  day  of  the  disease  in  the  patient  on  whom  the  lice  were  fed,  and  whether 
he  was  febrile  or  non-febrile  at  the  time  of  the  first  infecting  feed,  are  also 
shown. 

Lice  may  be  infected  on  a  Trench  Fever  patient  when  he  is  febrile  or 
between  the  attacks,  or  even  some  weeks  after  the  last  fever  has  been  noticed, 
as  in  the  case  of  Boxes  163  and  A  16,  which  were  fed  in  the  intervals  between 
attacks,  and  Boxes  A  20  a,  A  27,  A  34  and  A  33,  which  were  fed  on  the 
22nd,  28th,  48th  and  48th  day  of  the  disease,  and  the  13th,  19th,  39th  and 
39th  days  respectively  since  any  fever  had  been  observed,  or  any  symptoms 
complained  of. 

RICKETTSIA  NOT  TRANSMITTED  BY  HEREDITY  IN  LICE. 

The  offspring  of  infective  lice  fed  on  a  normal  man  have  not  shown,  with 
one  exception,  Rickettsia  either  in  their  excreta  or  in  their  stomach  contents. 

On  15  June,  1918,  nits  were  taken  from  Box  163,  the  excreta  from  which 
were  known  to  contain  the  virus  of  Trench  Fever  and  numerous  Rickettsia. 
The  nits  were  divided  into  two  batches,  I  and  II. 

Batch  I.   These  were  put  into  a  clean  box  without  being  treated. 

Batch  II.  These  were  put  for  three  minutes  into  1  %  lysol  and  then 
w^ashed  in  a  current  of  tap  water  for  several  minutes,  dried  and  put  in  another 
clean  box.  Both  boxes  were  kept  subsequently  at  about  30°  C.  and  as  soon 
as  larvae  w^ere  hatched  out  they  w^ere  fed  twice  daily  on  a  healthy  man. 

On  15  July  the  excreta  from  Box  I  were  examined  and  one  small  flake 
crowded  with  Rickettsia  was  found,  but  no  other  parts  of  the  film  showed 
these  forms.  Three  subsequent  examinations  of  the  excreta  from  Box  I  and 
three  examinations  of  the  excreta  from  Box  II  all  gave  negative  results.  It 
seems  clear  that  the  flake  wdth  Rickettsia  was  a  portion  of  excreta  carried 
over  on  the  unwashed  eggs. 

When  newly  hatched  larvae,  descendants  of  the  infected  lice  in  Boxes  15 
and  16,  were  fed  twice  daily  on  an  infected  man  their  excreta  contained  the 
parasites  on  the  8th  and  5th  days  respectively,  and  not  before. 

Table  III. 

Showing  the  proportion  of  lice  found  on  dissection  to  be  infected  with 
Rickettsia  at  different  periods. 

Day  after  first  infecting  feed 


Series  1 

9 


Both  series  together  3        27        30 

+  =  Rickettsia  found. 


8th-14th  day 

15th  onwards 

+          -       Total 

+ 

-       Total 

7           5         12 

15 

0         15 

5           4           9 

43 

17         60 

12           9         21 

58 

17         75 

No  Rickettsia  recoj 

gnized. 
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In  Series  1  comprising  lice  from  six  boxes  the  lice  only  fed  on  an  infected 
man  (hiring  21  hours,  and  afterwards  on  a  healthy  man.  In  Series  2  (eight 
boxes)  the  lice  fed  on  an  infected  man  from  the  first  infecting  feed  onwards. 
When  individual  lice  from  a  recently  infected  box  are  dissected  and  examined 
it  is  found  that  only  a  few  are  infected  with  RickeUsia  in  the  first  week  after 
the  first  infecting  feed,  that  during  the  second  week  about  an  equal  number 
are  infected  and  uninfected,  and  that  after  the  second  week  the  majority 
show  parasites  microscopically. 

Table  III  gives  the  actual  figures  in  a  series  of  lice  taken  at  different  stages 
from  14  boxes  of  infected  lice,  and  examined  microscopically.  The  increase 
in  the  number  of  infected  lice  is  very  marked. 

In  microscopic  sections  of  infected  lice  RickeUsia  were  seen  crowding  the 
region  of  the  epithelial  cells  lining  the  alimentary  canal,  but  there  was  no 
definite  invasion  of  the  cells.  Appearances  like  those  figured  by  da  Rocha- 
Ijima  from  sections  of  Typhus  lice  in  which  the  epithelial  cells  show  well 
defined  areas  which  are  badly  stained  and  occupied  by  m.asses  of  RickeUsia 
were  not  seen. 

EXAMINATION  OF  NORMAL  LICE. 

For  comparison  with  these  boxes  of  lice  which  have  been  infected  by 
feeding  on  Trench  Fever  patients  a  number  of  boxes  of  uninfected  lice  have 
also  been  examined  frequently,  some  daily  for  weeks,  by  making  films  of  the 
excreta.  Also  a  considerable  number  of  normal  lice  have  been  dissected  and 
films  from  the  midgut  examined,  and  serial  sections  have  been  cut  of  others. 
Only  in  one  box  on  one  occasion  have  forms  closely  resembling  RickeUsia 
been  found.  Seeing  how^  difficult  or  impossible  it  is  to  distinguish  bacteria 
by  their  morphology,  an  occasional  error  is  not  surprising.  When  these 
organisms  occur  in  an  infected  box  they  are  almost  alwa3^s  found  on  manv 
successive  days  and  not  only  on  one  single  occasion,  as  was  the  case  with 
the  apparently  exceptional  occurrence  among  normal  lice  mentioned  above. 

In  all  22  boxes  of  lice  fed  on  normal  persons  have  been  examined  repeatedly 
over  periods  lasting  usually  over  two  months  and  never  less  than  14  days. 
These  normal  persons  on  whom  they  have  been  fed  are  seven  in  number,  and 
two  stocks  of  normal  lice  from  different  sources  are  under  observation. 

Two  other  boxes  of  lice  supposed  at  the  time  to  be  normal,  besides  the  one 
referred  to  above,  showed  RickeUsia.  They  w^ere  both  being  fed  on  A.  w^ho  had 
been  also  feeding  infected  lice  for  over  five  weeks  and  had  been  working  daily 
with  infected  excreta  in  the  laboratory.  He  developed  Trench  Fever  on  June 
1 1th.  The  first  box,  A  12  a,  showed  RickeUsia  in  the  excreta  on  June  8th,  and 
of  nine  lice  dissected  on  June  10th  three  gave  a  positive  result,  the  other  box, 
A  10,  showed  infected  excreta  on  June  14th.  It  does  not  seem  reasonable  to 
include  these  findings  in  Boxes  A  10  and  A  12  a  as  positive  results  from  normal 
lice. 

Some  other  lice  found  on  healthy  civilians  have  been  examined  but  none 
have  been  found  to  be  infected  with  RickeUsia. 
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The  total  iuiiuIkm-  of  specimens  of  lice  or  excreta  from  boxes  of  lice  wliicli 
had  been  feci  on  men  believed  to  be  infected  with  Trench  Fever  was  2515,  and 
of  these  150  showed  Rickettsia,  83  gave  a  negative  and  20  a  doubtful  result. 
Of  these  specimens  of  excreta  collected  during  the  first  week  after  the  first 
infective  feed,  14  were  positive  and  73  were  negative. 

Second  week,  75  were  positive  and  27  were  negative. 

Third  week,  61  were  positive  and  3  were  negative. 

Of  245  specimens  from  22  boxes  of  normal  lice  fed  on  seven  healthy 
persons,  only  one  was  positive  (if  the  four  specimens  from  A's  two  boxes 
mentioned  above  are  excluded),  234  gave  a  negative  and  10  a  doubtful  result. 

CORRELATIOX  OF  THE  PRESENCE  OF  RICKETTSIA  AND  TRENCH 
FEVER  VIRUS  IN  THE  LOITSE. 

The  association  of  Rickettsia  antl  infectivity  for  man  of  the  lice  containing 
them  is  very  striking;  Rickettsia  and  the  virus  of  Trench  Fever  also  have 
certain  properties  in  common. 

1.  The  size  of  the  Rickettsia  is  such  that  one  would  expect  them  to  be  held 
back  by  a  good  Berkefeld  filter;  they  nevertheless  approach  the  lower  limits 
of  size  of  know^n  bacteria. 

In  an  experiment  by  McNee  with  filtered  and  unfiltered  blood  plasma, 
the  unfiltered  alone  transmitted  the  disease.  The  American  Medical  Research 
Committee  (1918)  in  France  have  been  able  to  transmit  the  disease  by  means 
of  filtered  material.  They  have  also  found  that  plasma,  freed  from  cells  by 
centrifuging,  is  still  virulent.  In  experiments  with  emulsion  of  louse  excreta  in 
salt  solution,  we  have  found  that  only  prolonged  centrifuging  at  high  speed 
(2500-3000  revolutions)  for  20-30  minutes  will  produce  a  definite  deposit  of 
Rickettsia.  They  may  therefore  be  separable  from  blood  corpuscles  by  frac- 
tional centrifuging  in  blood  plasma  also,  but  we  have  been  unable  by  centri- 
fuging to  demonstrate  their  presence  in  more  than  small  numbers  in  citrated 
plasma  of  Trench  Fever  patients  diluted  1  in  5. 

2.  The  blood  in  Trench  Fever  is  infective  by  direct  inoculation  during  a 
febrile  attack,  and,  at  any  rate  sometimes,  when  there  is  no  fever.  Lice  can 
also  be  infected  with  Trench  Fever  virus  over  a  long  period,  whether  the 
patient  is  febrile  or  not;  they  also  become  infected  w^ith  Rickettsia  when  fed 
on  patients  during  similar  periods,  e.g.  the  excreta  of  lice  (Box  163)  fed  on 
the  patient  St.  when  non-febrile  on  the  27th  to  28th  day  of  the  disease  gave 
Trench  Fever  to  several  volunteers  and  contained  large  numbers  of  Rickettsia', 
the  lice  in  Box  134  fed  on  another  patient  G.  on  the  79th  day  of  his  disease, 
gave  Trench  Fever  to  a  volunteer  by  means  of  excreta  collected  on  the  12th 
day  from  the  infecting  feed.  The  excreta  from  this  box  first  showed  Rickettsia 
on  the  8th  day. 

3.  Lice  fed  on  patients  are  able  to  transmit  the  disease  if  their  excreta 
or  midgut  contents  are  rubbed  into  scratches  or  inoculated  subcutaneously. 
They,  however,  appear  not  to  become  infective  (two  series  of  experiments) 
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til!  the  5tli  to  llic  I 'Jill  (l;iy  aflcr  llic  iiilccliiiij  Iced.  In  the  same  way 
Rii'keHsia  is  not  in  oiii'  c*x])(Mi(MK'(;  rcc()</iiiza})le  in  lice  or  their  excreta  when 
kept  at  TrC.  till  the  nth  to  the  I'Jtli  (lav  (usually  the  7th  to  the  10th  day) 
aft(M-  the  first  infect in<.^  Iced  on  a  patient. 

I.  In  an  inf(»cte(l  box  not  every  louse  appears  to  contain  the  virus  of 
Trench  l^'e\-er  as  tested  by  inoculat  ion  of  man,  neit  her  does  every  louse  contain 
Rickettsia  in  iccocjnizahh'  form  or  amount.  Only  12  out  of  21  examined  in 
(lie  s(H'.)nd  week  fi'om  the  infect in<i  f(M'd  showed  these  parasites,  in  on(; 
experiment  two  lice  were  selected  from  an  infected  box  (A  IfW/)  on  about 
the  13th  day  after  the  first  infecting  feed.  The  midguts  were  dissected  out 
and  emulsified  separately.  It  was  shown  by  microscopic  examinations  of 
both  the  gut  contents  and  the  excreta  of  these  lice  that  the  one,  A,  contained 
many  Rickettsia  and  the  other,  B,  did  not.  Inoculation  of  the  emulsions 
separately  into  two  volunteers  by  scarification,  produced  Trench  Fover  in 
the  one  inoculated  w'ith  A  and  not  in  the  one  inoculated  with  B. 

5.  A  box  once  infected  appears  to  remain  so  for  two  or  three  weeks,  both 
as  regards  the  virus  of  Trench  Fever  and  the  presence  of  RieJcettsia,  i.e.  during 
the  life-time  of  the  infected  generation  of  lice. 

0.  The  high  infectivity  of  louse  excreta  is  associated  with  the  presence 
of  enormous  numbers  of  Rickettsia,  w^hereas  the  difficulty  of  finding  these 
bodies  in  blood  films  is  well  known. 

7.  Lice  or  the  excreta  of  lice  which  have  been  proved  to  contain  virus, 
as  the  result  of  successful  inoculation,  have  in  most  cases,  when  examined, 
been  showni  to  contain  large  numbers  of  Rickettsia.  Certain  exceptions  to 
this  have  occurred.  It  is  how^ever  not  surprising  that  a  small  sample  of 
excreta  should  occasionally  fail  to  show  the  parasite  which  may  be  present 
in  large  numbers  in  another  part  of  the  same  excreta.  On  the  other  hand, 
if  uniformly  distributed,  Rickettsia  might  escape  recognition  though  present 
in  considerable  numbers. 

In  Table  IV  are  shown  all  the  experiments  made  by  inoculating  volunteers 
with  the  excreta  or  body  contents  of  lice  in  which  the  specimen  has  also  been 
examined  microscopically.  The  result  of  such  examination  is  shown  in  column  3 
and  of  the  inoculation  experiment  in  column  5.  The  6th  column  states 
whether  there  is  agreement  (A.),  disagreement  (Dis.),  a  doubtful  result  (?) 
or  a  reason  for  agreement  not  being  expected  (0.). 

Fifty-six  specimens  are  included  in  Table  IV.  Fifty-three  were  samples 
from  boxes  of  lice  which  had  had  a  feed  on  an  infected  patient,  of  these  50 
were  samples  of  excreta  and  three  were  emulsions  of  single  lice.  Three 
further  specimens  of  excreta  are  included  in  the  Table — two  from  boxes  of 
normal  lice  fed  on  healthy  men  and  both  examined  microscopically  and 
inoculated  into  volunteers,  as  control  experiments;  the  third  specimen  is 
from  a  box  containing  the  offspring  of  infected  lice  w^hich  w^ere  examined  to 
test  the  hypothesis  of  hereditary  transmission  of  the  virus  of  Trench  Fever 
or  of  Rickettsia.    Out  of  the  53  specimens  from  boxes  of  lice  which  had  been 
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Table  IV. 

Showing  the  results  of  microscopical  examination  and  inoculation 
of  54  specimens  of  louse  excreta  and  of  three  single  lice. 


134 


134 


150 


Source  of 

infecting 

feeil 


Name     Date 


G. 

20. 

iii. 

G. 

20. 

iii. 

G. 

20. 

iii. 

G. 

20. 

iii. 

G.     20.  iii. 


G.     20.  iii. 


Mixed 

... 

Mixed 

... 

... 

Mixed 

... 

150 

J. 

15.  iv. 

150 

J. 

15. iv. 

150 

J. 

15.  iv. 

150 

J. 

15.  iv. 

150 

J. 

15.  iv. 

150 

J. 

15.  iv. 

Mixed 

... 

150 

J. 

15.  iv. 

15.  iv 


150 

J. 

15.  iv. 

150 

J. 

15.  iv. 

150 

J. 

15.  iv. 

163 

S. 

7.  V. 

163 

S. 

7.  V. 

157 

w. 

23. iv. 

155  \ 
164) 

T. 

163 

S. 

7.  V. 

163 

s. 

A 

7.  V. 
.  =:  results  agree, 

4 

Davs  from 

infecting 

feed 

Ini 

oculation  c 

>f  man 

6 
Agree- 
ment 
or 
dis- 
agree- 
ment 

7 

hi  Cuba - 

tion  in 

man. 

Day 

Notes 

3 

Rickettsia 

in 
specimen 

of 

Kx- 

peri- 

ment 

Date 

Result 

+  +  + 

... 

10 

9.  ii. 

+ 

A. 

6th 

+  +  + 

11 

9.  ii. 

+ 

A. 

7th 

+  +  + 

12 

9.  ii. 

+ 

A. 

9th 

+  +  + 

. . . 

20 

5.  iii. 

-f 

A. 

9th 

+  +  + 

. . . 

21 

16.  iii. 

+ 

A. 

8th 

- 

1st 

23 

21.  iii 

- 

A. 

... 

— 

3rd 

24 

23.  iii. 

- 

A. 

... 

— 

4-5th 

25 

25.  iii. 

- 

A. 

... 

+  * 

6-8tli 

26t 

28.  iii. 

- 

Dis. 

... 

i 

u 

12th 
13th 

27 

l.iv. 

n 

A. 

8th 

+  +  + 

•  «  • 

28 

28.  iii. 

- 

0. 

... 

Immunity 

+  +  + 

29 

30.  iii. 

- 

0. 

... 

Immunity 

{. 

23rd 
24th 

30 

13.  iv. 

+  1 
i 

A. 

7  th 

+  +  + 

•  •  > 

32 

6.  iv. 

+ 

A. 

8th 

Excreta  untreated 

+  +  + 

•  ■  • 

33 

6.  iv. 

+ 

A. 

8th 

Excreta  heated  56° 

C4 

+  +  + 

•  .  . 

34 

6.  iv. 

- 

0. 

Excreta  heated  80° 

c.§ 

— 

1st 

39 

17.  iv. 

- 

A. 

... 

— 

6th 

41 

21.  iv. 

- 

A. 

... 

+  + 

7th 

42 

22.  iv. 

+ 

A. 

13th 

- 

8th 

43 

23.  iv. 

- 

A. 

... 

+ 

9th 

45 

26.  iv. 

+ 

A. 

9th 

+ 

10th 

46 

26.  iv. 

+ 

A. 

7th 

+ 

... 

51 

7.  V. 

+ 

A. 

8th 

+ 

5th 

53 

2.  V. 

+ 

A. 

16th 

Few     Rickettsia; 
seen  in  2nd  film 

none 

- 

6th 

1 54 

2.  V. 
2.  V. 

-I 
-J 

A. 

... 

+  + 

7th 

55 

2.  V. 

+ 

A. 

13th 

-f 

9-10-1 1th 

58 

10.  V. 

+ 

A. 

12th 

+ 

11th 

59 

2.  V. 

+ 

A. 

8th 

+  +  + 

ll-12-13th 

64 

20.  V. 

+ 

A. 

7th 

- 

+  +  + 

21-22-23rd 

70 

1.  vi. 

+ 

A. 

7th 

+  ? 

26-3 1st 

71 

31.  V. 

+ 

-) 

8th 

One  louse 

- 

ll-24th 

72 

1.  vi. 

+ 

Dis. 

10th 

+  +  + 

ll-14th 

73 

2.  vi. 

+ 

A. 

9th 

+  +  + 

ll-24th 

74 

5.  vi. 

— 

0 

... 

Excreta     treated 
lysol  2  % 

with 

Dis.  =  results  disagree. 


0.  =  results  not  comparable. 


*  A  very  few  Rickettsia  were  found  in  only  one  out  of  three  films. 

t  This  man  was  inoculated  three  times  with  negative  result  (Exps.  43  and  63). 

X  Dry  heat  for  20  mins. 

§  Moist  heat  for  10  mins. 
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Tjible  I  \     continued. 

Showing  \\\v  results  ol  microscopical  examination  and  inoculation 
of  5'1  specimens  of  louse  excreta  and  of  three  single  lice. 
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S, 

7.  V. 
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1 l-24th 

75 
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+ 

A. 

10th 
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('. 

14.  V. 

+ 

12-2011) 

7(; 

9.  vi. 

- 

(). 

Immunity 

i(i:{ 

s. 

7.  V, 

+  +  + 

11-1 3th 

77 
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A. 

nth 

1()3 

s. 

7.  V. 
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80 
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+  V 

V 
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s. 
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HI 
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+ 

A. 
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s. 

7.  V. 
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82 

14.  vi. 

— 

0. 

... 
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B. 

15.  V. 

+  +  + 

ll-19th 

85 

16.  vi. 

- 

0. 

... 

48th  day  of  disease — 
immunity 

177 

P. 

29.  V. 

- 

12-20th 

86 

18.  vi. 

+ 

Din. 

9th 

173 

T. 

17-18-19.  V. 

± 

14-17th 

90 

19.  vi. 

- 

V 

... 

Immunity 

150 

J. 

15.  iv. 

- 

8th 

91 

19.  vi. 

- 

A. 

155 1 
164j 

T. 

- 

ll-24th 

92 

22.  vi. 

- 

A. 

... 

173 

T. 

17-18-19.  V. 

i 

14-1 7th 

93 

22.  vi. 

- 

9 

... 

163 

S. 

7.  V. 

+  +  + 

1 l-36th 

94 

2.  vii. 

— 

0. 

... 

Excreta  heated  to  99  •9°C. 
20  mins. — dry 

A  18 

A. 

20.  vi. 

+  +  + 

8-22nd 

96 

19.  vii. 

+ 

A. 

7th 

2  mg.  excreta  sub-cut. 

A  18 

A. 

20.  vi. 

+  +  + 

8-22nd 

97 

19.  vii. 

+ 

A. 

nth 

01  mg.  excreta  sub-cut. 

.Mixed 

R. 

... 

+  +  + 

... 

98 

23.  vii. 

- 

0. 

... 

Immunity — excreta  kept 
154  days 

171 

B. 

15-18.  V. 

+  +  + 

11-1 9th 

99 

23.  vii. 

+ 

A. 

9th 

A  16  a 

A. 

13.  vii. 

- 

nth 

100 

24.  vii. 

- 

A. 

One  louse 

A  16« 

A. 

13.  vii. 

+  +  + 

nth 

101 

24.  vii. 

+ 

A. 

9th 

One  louse 

122 

Healthy  man 

- 

... 

22 

18.  iii. 

- 

A. 

Offspring  of  infected  Hce 

127-9 

Healthy  man 

- 

... 

17 

12.  iii. 

- 

A. 

... 

Lice  were  fed  on  a  heal- 

thy man  as  a  control 

127-9 

Healthy  man 

- 

... 

18 

12.  iii. 

- 

A. 

experiment 

A 

.  =  results  agree 

Dis.  =  results  disagree. 

0.  =  results  not  comparable. 

fed  on  Trench  Fever  patients,  three  gave  uncertain  results  from  microscopic 
examination  and  in  one  the  reaction  following  inoculation  was  of  a  doubtful 
nature,  as  the  attack  of  fever  was  attributed  to  influenza,  nine  are  excluded 
from  the  results  because  agreement  between  the  results  of  the  two  methods 
of  examination  was  not  to  be  expected,  either  on  account  of  the  disinfection 
of  the  excreta  by  lysol  or  heat,  or  because  the  volunteer  had  previously  gone 
through  an  attack  of  Trench  Fever  and  was  probably  immune — the  inoculation 
being  in  fact  given  as  a  test  for  immunity. 

Of  the  40  remaining,  27  gave  positive  results,  both  as  regards  the  presence 
of  Itickettsia  and  the  virulence  of  the  samples,  10  gave  negative  results  from 
both  tests,  and  three  different  results  from  the  two  tests. 

There  was  therefore  agreement  as  to  the  presence  or  absence  of  Rickettsia 
and  virus  in  37  out  ol  the  40  samples  which  gave  a  decided  answer,  i.e. 
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92-3  %  of  agreenuMit.  In  one  of  the  three  samples  in  wliich  there  was  dis- 
agreement the  microscopic  examination  was  positive,  and  the  virulence  test 
negative;  in  the  other  two  the  reverse  was  the  case. 

The  specimens  of  excreta  from  which  results  showing  agreement  were 
obtained  were  in  some  instances  inoculated  into  more  than  one  man.  There  are 
eight  such  observations  recorded  which  were  repetitions  of  former  experiments. 
In  seven  of  these  the  two  results  were  positive  and  in  one  negative.  In  every 
case  the  excreta  when  used  for  a  second  experiment  gave  the  same  result  as 
on  the  first  occasion.  Excluding  the  repetitions  the  total  number  of  experi- 
ments is  32  of  which  29  showed  agreement  (90-6  %)  and  three  disagreement. 

8.  There  is  evidence  that  the  virus  of  Trench  Fever  is  not  inherited  in 
the  louse,  since  excreta  of  the  offspring  of  infected  lice  fed  on  healthy  men 
from  the  egg  have  failed  on  inoculation  to  produce  Trench  Fever ;  the  excreta 
of  the  offspring  of  the  infected  lice  in  several  boxes  have  on  examination  not 
shown  Rickettsia.  One  apparent  exception  to  this  statement  occurred  (see 
above). 

CONCLUSIONS. 

1 .  The  intimate  association  in  lice  of  Rickettsia  with  the  virus  of  Trench 
Fever  appears  to  have  been  amply  proved. 

2.  The  examinations  of  lice  which  have  fed  on  healthy  civilians  in  England 
have  given  negative  results  in  a  sufficiently  uniform  manner  to  constitute  a 
significant  negative  control,  but  further  examinations  of  lice  from  normal 
civilians  are  desirable. 

3.  Lice  from  soldiers  who  have  been  in  France,  or  who  have  mixed  with 
men  from  France  in  this  country,  would  not  afford  a  satisfactory  control, 
since  the  infection  of  Trench  Fever  with  the  power  of  infecting  lice  with 
Trench  Fever  virus  and  with  Rickettsia  may  be  very  long  lasting. 

4.  Whether  Rickettsia  constitute  the  virus  of  Trench  Fever  or  are  in  some 
way  produced  by  it  remains  undecided  because  Rickettsia  cannot  be  cultivated 
on  artificial  media. 

5.  It  is  conceivable  that  Rickettsia  are  not  living  microororanisms,  but 
their  appearance  certainly  suggests  that  they  are  bacteria,  and  their  remark- 
able association  with  Trench  Fever  virus  in  the  louse  further  suggests  that 
they  are  the  causal  agent  of  Trench  Fever. 

REFERENCES. 

American  Red  Cross  Medical  Research  Committee.    Report  of  Commission  on  Trench  Fever 
(1918).    Oxford  University  Press. 

Bacot,  a.  (26.  xi.  1917).    A  contribution  to  the  bionomics  of  Pediculus  humnnvs  (vertimenti) 
and  Pediculus  capitis.    Parasitology,  ix.  p.  228. 

Byam,  W.  and  others  (v.  1918).  Trench  Fever,  a  Louse- borne  Disease.   Trans.  Soc.  of  Trop. 
Med.  and  Hygiene,  May  1918,  xi.  No.  7. 

CouvY,  L.,  DujARRic,  R.  and  de  la  Riviere  (12.  i.  1918).   Note  sur  I'^tiologie  de  la  fievre 
des  Tranchees.   C.  rend.  Soc.  Biol,  lxxxi.  p.  22. 


J.  A.  Ai:Kwin(!in\  A.  I5acot  and  V.  M.  Duncan  93 

(Kernel  (28.  xii.    Il)l<>),     ITcImt  die    MorplioIo^Mc   dcs    Mcclslichcif  rtcf^crs.     Wien.    klin. 

Wochnischr.  Xo.  r)2,  p.   \iV\'.\. 
iXwiKs,  F.  ('.  and  Wkldon,  It.   V.  (.'{.  li.  I!)I7).     A  prcliiniiiary  coiitiibuUoii  on  ■"P.U.O." 

(Tronch  Fovor).    ImuccI,  i.  p.  IS.}. 

His,  W.  (.'{.  vii.  lilKi).  rchcr  cine  iicuc  pciiodisclic  I-'iclx-r-cikiiiiikung  (Fchri.s  Wolhynica). 
lirrlin.  klin.   Wochentichr.  p.  7.'{S. 

JUNOMANN,  I*,  (iii.  I!)I(I).    Yaw  Aotiologic  dcs  l'\l)ris  W'olliyiiica,    Berlin,  klin.   Wochenschr. 

p.  :j2:j. 

JuNdMANN,  P.  and  Ku(.'ziNSKr,  M.  H.  (22.  iii.  11)17).  Ziir  KliniU  mid  Actiologic;  dcr  Fobriw 
Wolhynica  (His-Wcrnerscho  Kraiil<li('il).    Deutsche  ined.  Wochenschr.  p.  3/59. 

KoRBsc'H,  R.  (5.  X.  IDKi).  Zur  Kciiiitiiis  dci-  Fobris  Wolhynica.  Deutsche  med.  Wochenschr. 
p.  1217. 

McNee,  J.  W.,  Renshaw,  a.  and  Brunt,  E.  H.  (12.  ii.  IDIfi).  "Trench  Fever,"  A  Relapsing 
Fever  occurring  witli  the  British  Forces  in  France.   Brit.  Med.  Journ.  p.  225. 

MuNK,  F.  and  da  Rocha-Lima,  H.  (30.  x.  1917).  Klinik  und  Aetiologie  des  sogen.  Wolhyn- 
ischen  Fiebers  (Werner-Hissche  Krankheit).  II.  Ergebnis  der  atiologischen  Unter- 
suchungen  undderenBeziehungenzurFleckfieberforschung.  Milnchen.med.  Wochenschr. 
p.  1422. 

XoLLER,  W.  (10.  vii.  1916).  Beitrag  zur  Flecktyphusiibertragung  durch  Liiuse.  Berlin,  klin. 
Wochenschr.  p.  778. 

Ricketts,  H.  T.  (30.  i.  1909).  A  Microorganism  which  apparently  has  a  specific  relationship 
to  Rocky  Mountain  Spotted  Fever.   Journ.  Amer.  Med.  Assoc,  lii.  p.  379. 

Ricketts,  H.  T.  and  Wilder,  R.  M.  (23.  iv.  1910).  The  etiology  of  the  Typhus  Fever 
(Tabardillo)  of  Mexico  City.   Journ.  Amer.  Med.  Assoc,  liv.  p.  1373. 

Riemer  (16  i.  1917).  Beitrage  zur  Frage  des  Erregers  des  Fiinftagefiebers.  Miinchen.  med. 
Wochenschr.  lxiv.  p.  92. 

Da  Rocha-Lima,  H.  (22.  v.  1916).  Zur  Aetiologie  des  Fleckfiebers.  Berlin,  klin.  Wochenschr. 
Liii.  p.  567. 

Sergent,  Edm.,  Foley,  H.  and  Viallatte,  C.  (13.  vi.  1914).  Sur  des  formes  microbiennes 
abondantes  dans  le  corps  de  poux  infectes  par  le  typhus  exanthematique  et  toujours 
absentes  dans  les  poux  temoins,  non  typhiques.   Compt.  rend.  Soc.  Biol,  lxxvii.  p.  101. 

Stintzing,  R.  (30.  i.  1917).   Ueber  Febris  quintana.   Miinchen.  med.  Wochenschr.  p.  155. 

Strisower,  R.  (30.  iv.  1918).  Experimentelle  u.  klinische  Beitrage  zur  Febris  quintana. 
Ibid.  Lxv.  p.  476. 

Topfer,  H.  (20.  iii.  1916).  Zur  Aetiologie  des  Febris  Wolhynica.  Berlin,  klin.  Wochenschr. 
p.  323. 

(12.  X.  1916).    Der  Fleckfieber-erreger  in  der  Laus.    Deutsche  med.  Wochenschr.  xlii. 

Xo.  41,  p.  1251. 

(17.  X.  1916).    Zur  Ursache  und  Uebertragung  des  wolhynischcn  Fiebers.    Miinchen. 

med.  Wochenschr.  No.  42,  p.  1495. 

(24.  vi.   1917).    Ursache  und  Uebertragung  der  Kriegsnephritis.    Medizin.  Klinik, 


p.  678. 
Werner,  H.,  Benzler,  J.,  and  Wiese,  O.  (19.  ix.  1916).   Zur  Aetiologie  des  Fiinftagefiebers. 

Miinchen.  med.  Wochenschr.  p.  1369. 
Werner,  H.,  and  Benzler,  J.  (22.  v.  1917).'  Zur  Aetiologie  und  Klinik  der  Febris  quintana. 

Ibid.  p.  695. 
Wolbach,  S.  B.  (1916-17).    The  etiology  of  Rocky  Mountain  Spotted  Fever.   Journ.  Med, 

Besearch,  xxxiv.  No.  1,  p.  121,  xxxv.  Xo.  1,  p.  147. 


i)4  Ivickettsia  <(iul  Trench  Feccr 

DESCRIPTION  OF  PLATES  II  AND  III. 

Figs.  I  and  3.    Filiius  of  excivta  of  iiifectt'd  lice  from  Box  A  l(i,  made  !{().  vi.  IH  on  the  l.jth  day 

from  the  first  infectinj^  feed  on  a  Trench  Fever  patient. 
Fig.  2.    Film  of  excreta  of  infected  lice  from  Box  A  18,  made  30.  vi.  18  on  the  lOth  day  from  the 

first  infecting  feed.   Stained  (Jiemsa.     x  1000.   Showing  pure  '"culture"  of  Rickettsia. 

Fig8.  4  and  5.    Films  made  from  the  fore-gut  of  an  infected  louse  from  Box  171,  made  10.  vi.  18 
on  the  2tjth  day  from  the  first  infecting  feed.    Showing  numerous  Rickettsia — pure. 

Fig.  t).   Film  of  excreta  of  normal  lice  fed  on  healthy  man;  showing  bacteria  which  are  sometimes 

found  in  the  excreta  of  normal  lice.    Stained  Giemsa.     x  1000. 
Figs.  7  and  8.   Sections  of  the  hind-gut  of  an  infected  louse  from  Box  KiO,  killed  4.  v.  18,  the  7th 

day  after  the  first   infecting    feed.    Stained  Giemsa.      x  1000.    Showing  Rickettsia  on  tlu; 

surface  of  the  epithehum.    a,  body-cavity.    6,  gut-wall,    c,  lumen  of  gut  containing  altered 

blood,  and,  close  to  the  epithelial  cells,  Rickettsia. 
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THE  INFLUENCE  OF  THE  AGE  OF  PARENT  AT  BIRTH 

OF   OFFSPRING   UPON   THE   DEVELOPMENT   OF   EYE 

COLOUR  AND  INTELLIGENCE-  A  CORRECTION. 

By  R.  J.  EWART,  M.D.,  J).Sc. 

Owing  to  some  regrettable  slips  in  the  arithmetical  work  of  the  paper  dealing 
with  eye  colour  and  intelligence  recently  published  in  this  Journal^  several 
of  the  constants  are  inaccurate.  The  whole  of  the  calculations  have  now  been 
re-worked  and  the  correct  values  are  given  below.  I  have  incorporated  some 
fresh  material,  the  analysis  of  which  somewhat  strengthens  the  conclusions 
already  published. 

I  shall  first  discuss  the  new  material.  Table  T  records  the  eye  colour 
distributions  of  infants  aged  from  one  to  six  months  by  categories  of  parental 
age  and  the  resultant  correlation.  Although  the  estimated  probable  error, 
derived  by  the  formula  appropriate  to  product  moment  correlations,  is  not  a 
complete  measure  of  the  random  fluctuations  of  such  coefficients  as  these,  the 
relation  found  would  appear  to  be  of  some  significance  and  is  actually  the 
largest  yet  obtained  from  material  of  this  class. 

An  obvious  criticism  is  that  the  age  distribution  of  the  infants  may  be 
materially  different  for  different  arrays  of  parents.  To  test  the  importance 
of  this,  an  extended  series  of  observations  was  made  upon  children,  from  birth 

Table  I. 

Influence  of  Age  of  Parent  at  Birth  and  Eye  Colour  of  Young  Infant 
(one  to  six  months  of  age).    {Barking.) 


Eyec 

olour 

Infant. 

Age  of  Parent 

r 

Blue 

Not  blue 

Total 

Percentage 
not  blue 

16th  to  20th  years 

16 

0 

16 

0 

21st   „  24th     „ 

59 

6 

65 

9-2 

25th  „  28th     „ 

65 

13 

78 

161 

29th  „  32nd     „ 

55 

12 

67 

17-9 

33rd  „  36th     „ 

34 

7 

41 

171 

37th  „  40th     „ 

35 

12 

47 

25-5 

41st   „  44th     „ 

10 

2 

12 

16-6 

Totals 

274 
r  = 

52 
+  -206  ±  -036. 

326 

'  Journ.  of  Hygiene,  xvi.  1917,  pp.  12-35. 
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to  the  aoje  of  one  year,  the  material  being  derived  from  an   infant  clinic 
(Tables  11   l\').    The  resultini»  constants  are: 

Standard  Deviation,  Mother's  Age        1-5894  r   0380 

Child's        „           2-9905  !  •072« 

Correlation  of  Child's  Eye  Colour  and  Mother's  Age  ...  -1 15  r  -035 

„      Child's        „    ...  -348  ±  -030 

Age                 „      Mother's    „    ...  034  ±   035 

Hence  the  partial  correlation  of  mother's  age  and  child's  eye  colour.    Child's  age  constant 

r=  110  ±034. 


Table  II. 
Child's  Age  and  Mother's  Age. 

Mother's  age  in  years 


Child  s  age 
in  weeks 

16-20 

21-24 

25-28 

29-32 

/^  _ 

33-36 

37-^ 

1-4 

3 

11 

11 

8 

5 

5 

5-8 

7 

23 

20 

26 

15 

14 

<)-12^ 

3 

12 

15 

8 

9 

11 

13-16 

2 

7 

10 

7 

4 

() 

17-20 

2 

] 

14 

8 

4 

3 

21-24 

— 

() 

() 

6 

4 

3 

25-28 

1 

5 

4 

2 

3 

2 

29-32 

1 

7 

5 

2 

3 

3 

33-36 

— 

— 

— 

— 

1 

3 

37-40 

— 

2 

3 

1 

2 

— 

41-44 

— 

— 

2 

1 

— 

— 

45-48 

— 

2 

1 

4 

2 

— 

49-52 

1 

1 

1 

2 

2 

2 

41-44  45-48  Totals 

2  —  45 

5  I  111 

1  —  59 

2  —  38 

1  —  33 

—  —  25 

2  —  19 

—  —  21 

—  1  6 

—  —  8 
1  —  4 

—  —  9 

—  —  9 


20 


/  i 


92 


75 


54 


52 


14 


386 


Child's  age 
in  weeks 

1-4 

5-8 

9-12 
13-16 
17-20 
21-24 
25-28 
29-32 
33-3() 
•37-40 
41-44 
45-48 
49-52 


Table  III. 

Child's  Age  and  Eye  Colour. 

Child's  eye  colour 

^ — 

Not  blue 
2 
8 
8 
14 
10 
4 
5 
2 

3 
4 
1 


Blue 

4:{ 

103 

51 

24 

23 

21 

14 

19 

2 

4 

3 

4 

7 


318 


68 


Total 

45 

111 

59 

38 

33 

25 

19 

21 

5 

8 

4 

9 

9 

386 
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Table 

IV. 

chihrs  1 

K(ie 

Colour  and  Mother's  Ar/e. 

Xy^c  ol  niothcT 
in  years 

Child' 

8  eye  colour 

VAuv 

Not  blue                 Total 

1(5-20 

20 

—                       20 

21-24 

()() 

11                      77 

25-28 

74 

18                      92 

29-32 

(50 

16                      76 

33-3(5 

45 

9                       64 

37-40 

39 

13                       62 

41-44 

12 

2                       14 

45  and  over 

2 

—                         2 

318  68  386 

It  appears  tlierefore  that  some  weight  must  be  assigneii  to  the  objection 
offered  but  that  when  it  is  allowed  for  correlation  persists. 

In  Table  V  the  age  of  the  father  is  taken  into  consideration.  Information 
on  this  point  being  obtained  indirectly  through  the  mother,  it  is  doubtless  not 
very  accurate.  The  correlation,  of  the  same  order  of  magnitude  as  found  for 
the  mother  and  child,  rather  suggests  that  any  biological  significance  attaching 
to  the  previous  results  is  not  dependent  upon  intra-uterine  nutritive  changes. 

Table  V. 
Age  of  Father  at  Birth  of  Child.   {Children  under  1  year  when  observed.) 

Children's  eye  colour 


lther  s  age 
in  years 

Blue 

.  Not  blue 

Total 

16-20 

1 

— 

1 

21-24 

29 

6 

35 

25-28 

64 

12 

76 

29-32 

67 

12 

79 

33-36 

37 

11 

48 

37-40 

42 

13 

55 

41-44 

19 

5 

24 

45-48 

15 

4 

19 

49-52 

4 

1 

5 

53-56 

1 

1 

2 

57-60 

2 

— 

2 

281 

65 

346 

Standard  Deviation,  father's  age,  1-849. 
Coefficient  of  correlation,  r  — -0924  ±  -036. 

I  now  pass  to  the  correction  of  previously  published  results.  The  numbering 
of  the  tables  is  that  of  the  paper  cited. 

Middlesbrough  School  Children  (younger). 

Tables  VIII  and  VII.    Age  of  parent  at  birth  and  eye  colour  ... 
,,      X     and     IX.    Age  of  parent  at  birth  and  child's  eye 
colour    ... 
XI    and    XII.    Eye  colour,  mother  and  child    ... 
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Boys 

Girls 

r  = 

•138  ± 

•032 

•048  ^   032 

r  = 

•149  ± 

•032 

•071  -.  ^032 

r  = 

•524  ± 

•024 

•623  :r  •OH) 
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Making  the  Third  Factor  Constant  in  Each  Case. 

Boys  Girls 

Tables  VIII  and  VII.    r=070  ±   033  •04()  r   032 

„      X     and     IX.    r  =  -092  ±   032  053  r   032 

„      XI    and  XII.     r  =  -514  i   020  022  i   019 

Barking  School  Children  (older). 

Table    II.    Eye  colour,  mother  and  child r  =  -608  +  -020 

„     III.    Age  of  parent  at  birth  and  child's  eye  colour  r  =  -005  ±  -032 

,,     IV.    Age  of  parent  at  birth  and  her  own  eye  colour        r=009  ±  -034 

Making  the  Third  Factor  Constant  in  Each  Case. 

Table  II.  r  =  -607  ±  020 
„  III.  r=001  i  034 
„      IV.    r=008  ±   032 

Random  Observation. 

Table  V.    Eye  colour  of  any  mother  with  any  child  but  its  own  ...         ...        r=:-030  ±  -072 

„      V.    Age  of  parent  at  birth  with  eye  colour  of  any  child  but  its  own     ...    r=  -  -068  ±  -026 

Adult  Life. 

Table  XIII.    Age  of  grandmother  at  birth  of  mother  and  mother's  eye  colour         r=003  ±  -022 
Table  XIV.    Represents  Tables  VII  and  VIII  taken  together  and  refers  to 
mother's  eye  colour  only,  that  is,  "Age  at  birth  and  her  own 
eye  colour"  /•=093  ± -022 

Taking  the  chief  constants  we  have: 

1.  Young  infants  r--206  ± -036 

2.  Young  school  children,  boys  ...        r  =  -092  ±  -032 

girls  ...        /•=052  ±  -032 

3.  Older  school  children  r  =  -001  ± -034 

4.  Adults  r=003  ±  -022 

From  these  figures  it  is  seen  that  the  value  of  r  obtained  in  samples  of  a 
young  infant  population  disappears  or  becomes  very  small  in  sampling  older 
children.  In  the  younger  school  children  the  correlation  for  girls  is  not 
significant,  for  boys  it  may  be  so  and  therefore  may  indicate  some  bias. 
Hence  I  suggest  that  the  rate  of  change  of  eye  colour  is  more  rapid  in  the 
later  born,  and  that  of  the  two  sexes,  the  boys  are  probably  somewhat  later 
than  the  girls  in  reaching  the  full  development  of  pigmentation. 

If  the  development  of  shade,  from  the  primitive  blue  of  birth,  is  studied, 
it  would  seem  that  none  of  the  ultimate  colours  can  be  regarded  as  transitional 
stages,  hence  if  a  scale  could  be  devised,  blue  must  occupy  the  middle  position, 
the  brown  being  towards  one  end  and  the  grey  towards  the  other.  Or  rather 
the  primitive  blue  in  the  centre  and  the  resultant  colours  occupying  some 
position  on  the  surface  of  a  sphere.  Hence  there  may  be  some  justification  for 
the  division  of  eye  colour  into  three  groups,  grey,  blue  and  brown,  and  for 
treating  them  as  though  the  distribution  were  Gaussian. 

If  this  assumption  is  justifiable,  then  we  may  arrange  our  data  in  the 
following  way,  taking  first  the  question  as  to  whether  there  is  a  significant 
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difloronco  in  tlistribution  of  eye  coloiii-  in  those  women  who  reproduce  before 
and  ;if(;'r  iho  3()tli  year. 

RcproducnKi  WOntcn. 


Aro 

lirown 

Blue 

(Way.  etc. 

TotalH 

40    years    and    iiiidcr    at 
tiiiu'  of  observation 

24()  {\V.\r^) 

2:m  f:n!>) 

2ru\  (34-5) 

733 

41  yvAYH  and  ovor  at  tinio 
of  observation... 

181  (.30-7) 

161  (27-3) 

247  (41-0) 

589 

427 

:j!)r) 

rm 

1322 

30  years  and  under  at  time  of  birth,  40  years  and  under  at  time  of 
examination. 

Distance  of  brown  from  x  -  -4245 
„  ^rcy         „     ^  =  -3988 
•8233 
Standard  Deviation  1-214  ±   019. 

31  years  and  over  at  time  of  birth,  41  years  and  over  at  time  of  examina- 
tion. 

Distance  of  brown  from  x  =  -5046 
„  grey         ,,    5  =  -2035 
•7081 
Standard  Deviation  1-412  ±-023. 

From  this  it  is  seen  that  there  is  a  slight  and  perhaps  significant  difference 
between  the  two  groups,  dependent  upon  a  diminution  in  the  number  classed 
as  blue  and  a  large  increase  amongst  the  greys.  But  it  must  be  remembered 
that  the  range  of  age  in  the  latter  class  is  from  41  years  to  58  years,  and  the 
former  from  28  years  to  40  years,  and  that  some  change  is  to  be  expected  on 
that  account. 

It  seems  reasonable  therefore  to  suppose  that  so  far  as  these  observations 
allow,  there  is  no  definite  evidence  of  selection  with  respect  to  eye  colour  in  a 
population  of  reproducing  women. 

Turning  to  the  school  children : 

School  Children.   All  ages  from  7  years. 
Boys  and  Girls.   Eye  Colour. 

Born  at  age  of  30  years  and  under 

30  years  and  under. 


Brown                   Blue 

Grey,  etc. 

Totals 

ider             357  (28-4)            582  (46-3) 

318  (25-3) 

1257 

er                 269(31-1)            340(39-3) 

256  (29-6) 

865 

626                       922 

574 

2122 

Distance  of  brown  from  x=   -5715 

,,           grey         „     x=   -6653 

1-2368' 

Standard  Deviation  -809  ±  -013. 

31  vears  and  over. 


Distance  of  brown  from  x  =   -4934 
»  grey        „     x=  -5361 

1-0295 
Standard  Deviation  -9713  ±  -020. 
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At  least  prima  facie,  the  distribution  deviates  from  the  parental  type  and 
in  the  opposite  direction  so  far  as  the  relation  of  age  to  the  proportion  classed 
as  brown  is  concerned.  I  do  not,  however,  desire  to  put  much  weight  upon 
constants  deduced  on  an  assumption  which  is  somewhat  arbitrary. 

It  has  occurred  to  me  that  the  existence  of  correlation  when  parental  age 
is  correlated  with  the  eye  colours  of  young  children  and  its  evanescence  when 
older  children  ara  involved  may  be  a  reflection  of  a  phenomenon  suggested 
by  earlier  results,  viz.  that  the  variability  of  filial  arrays  increases  with  the 
parental  age  at  birth.  Given  a  surface  of  zero  regression  but  with  increasing 
array  variability,  truncations  of  it  should  exhibit  correlation.  This  may  be 
illustrated  in  the  special  case  of  Gaussian  arrays. 

Suppose  that  all  x  arrays  of  y  are  Gaussian  and  further  that  every  y^  =  V- 
Then  the  correlations  of  the  two  surfaces  formed  by  dividing  the  original 
surface  by  a  plane  intersecting  the  axis  of  y  at  right  angles  in  the  line  2/  =^  0  are 
equal  and  opposite  if  Oy^  increase  with  x. 

Let  x^,  (jj.^,  J'2,  cTxi*  Vn  cTv, •  V2>  ^vz  ^^  ^^^  means  and  standard  devia- 
tions of  the  two  halves,  all  measurements  being  from  the  means. 

Then  x^  =  X2  =  x  =  0, 


2/1=  -V2> 

Consider  the  contribution  made  to  the  sum  product  S^xy  by  the  array 
y^^_,.    It  is 

V27T(Jy^_^J-^  ^  V27T 

where  «_.,  is  a  function  oi  x  =  —  s. 

Similarly  the  contribution  of  the  array  y^^+s  is 


V27T 

Thus  the  contribution  of  corresponding  arrays  is 

and  the  complete  product 

V27r  •'■=-''  ^.-^-J. 

for  all  values  of  s ;  while  the  sum  product  of  the  other  half  is  the  same 
expression  with  signs  reversed. 

Hence  the  correlations  are  equal  and  opposite. 

Consequently  a  fraction  of  the  whole  surface  would  exhibit  correlation 
absent  from  a  fair  sample  of  the  whole  surface.   Evidently  the  comparison  of 
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a  sample  of  vouii^  cliildicn  with  one  ol  oldor  children  is  not  a  simple  case  of 
truncation  such  as  here  contemplated,  hut  it  seems  to  me  possible  that  the 
principle  ()])erates. 

I  H/('lli(jence. 

The  corrected  coefficients  for   inlclligence  are   as    follows.     They   dilTer 
considorablv  from  those  nlreadv  Lnveii. 


Child  in  Fiflh  Year  {entering  school). 


Tahh 


XX.    Ago  of  niotluT  at  birth  of  child  and  licr 
own  standard 

XX IT.    Aii;o  of  mother  at  l^rth  and  chiss  of  chihl 

XX LV.    Standard  of  mother  and  class  of  child    ... 

XXVJ.    Age  of  mother  on  leaving  school  and  her 
own  standard 
XXVI II.    Age  of  mother  on  leaving  school  and  class 
of  child     ... 
XXX.    Age  of  mother  on  leaving  school  and  age  at 
birth 


r  = 
r  = 
r  = 

r  = 

r  = 


•060  f  -027 
•029  ±  024 
•074  ±   024 

•435  :!:  022 

•010  4  -028 


r=  -031  ±  028 


Child  in  Thirteenth  Year. 


Table       XXT,      Age  of  mother  at  birth  of  child  and  her 
own  standard 

.,       XXIII.      Age  of  mother  at  birth  and  standard  of 
child  

,,         XXV.      Standard  of  mother  and  standard  of  child       r=     -349    ±-037 

,,      XXVII.      Age  of  mother  on  leaving  school  and  her 
own  standard 

„       XXIX.      Age  of  mother  on  leaving  school  and  stan- 
dard of  child 

„       XXXI.     Age  of  mother  on  leaving  school  and  age 
at  birth     ... 


r=  -1119  ±  -038 

r=     •no    i   041 
•349    ±  -037 

r=     -415    -  035 

r=r     -017    ±  -047 

r=  -  -082    ±  -042 


Partial 
roeilicient 

•079  ±  -027 

•024  +  ^028 

•076  -  -027 

•438  -i:  022 

-  023  ±  028 

-  063  ±  027 


Partial 
coefficient 

-•139  ±  -042 


•155  -   042 
•389  ±  ^036 

•430  i  034 

-146  ±  047 

-  016  ±  043 


The  main  points  are,  firstly,  that  the  correlation  between  the  standard  of 
the  mother  on  leaving  school  at  a  constant  age  with  the  class  of  the  child  in 
its  5th  year  is  significant  but  very  small,  and  the  correlation  between  the 
standard  of  mother  at  constant  age  with  standard  of  child  at  13th  year  is 
very  much  larger,  but  not  as  large  as  might  be  expected.  This  may  be  due  to 
errors  of  record  or  to  the  fact  that  the  mental  characters  upon  which  scholastic 
intelligence  depends,  hardly  exist  at  the  5th  year  and  are  not  even  fully 
developed  at  the  14th  year. 

If  this  explanation  is  adopted  as  correct,  then  intelligence  falls  into  the 
same  category  as  eye  colour,  that  is  to  say,  at  the  5th  year  the  scholastic 
intelligence  of  a  child  corresponds  to  the  eye  colour  of  a  new  born  babe,  and 
hence  there  is  no  significant  correlation  between  age  of  mother  at  birth  and 
class  of  child.  At  the  14th  year  we  are  dealing  with  a  period  during  which 
intelligence  is  only  half  developed,  that  is  to  say,  our  record  corresponds  to 
eye  colour  during  the  first  year  and  hence  a  significant  correlation  is  found. 
Had  our  racord  been  one  dealing  with  a  period  of  life  when  intellicence  is 
as  fully  developed  as  it  ever  will  be.  then  in  all  probability  the  correlation 
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would  become  insi^'iuficant.  This  assumes  that  intelligence  follows  the  same 
lines  as  the  other  characters  investigated,  viz.,  that  the  chief  effect  of  age  of 
the  uniting  germ  cells  is  to  produce  an  increased  variat)ility  in  those  upon 
which  the  time  influence  is  the  greater. 

Still  the  difference  between  the  value  of  the  association  between  age  of 
mother  at  birth  and  her  own  standard  for  the  5th  year  being  +  -08  and  for  the 
13th  —  -14,  definitely  suggests  that  the  two  series  differ  in  other  ways,  beyond 
the  fact  that  the  families  concerned  contain  a  child  in  the  5th-13th  years.  As 
was  previously  stated  the  data  are  not  above  suspicion  of  bias. 
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To  Major-General  Sir  David  Bruce,  K.C.B.,  F.R.S., 

Chairman  of  the  War  Office  Committee  for  the  Study  of  Tetanus. 

Sir, 

I  have  the  honour  to  present  the  following  Keport  dealing  with  the 
bacteriological  research  which  has  been  prosecuted  on  behalf  of  the  Tetanus 
Committee,  during  the  period  October  1917-October  1918. 

Most  of  the  work  herein  reported  has  been  carried  out  jointly  by  Miss 
D.  M.  Cayley  and  myself. 

Miss  Cayley  is  solely  responsible  for  Section  VI  (pp.  172-195)  of  the  Report, 
in  which  is  discuss'ed  the  influence  which  various  dressings  and  surgical  pro- 
cedures exert  upon  the  anaerobic  flora  of  wounds.  The  work  was  arduous  and 
particularly  trying,  in  that  the  information  gained  was  by  no  means  com- 
mensurate with  the  effort  entailed  in  obtaining  it.  Miss  Cayley  is  therefore  to 
be  congratulated  upon  her  assiduous  attention  to  this  task. 
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I.  An  in((uiiy  into  (lie  occiincncc^  of  the  various  types  of  /i.  letani  in  the 
wounds  of  nuMi  snlVciinL!,  fioin  tetanus. 

II.  An  in(|nir\-  into  the  occuiiiMicc  of  flio  various  types  of  li.  leian/t  in 
wounds  of  men  showing  no  evidence  of  tetanus. 
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otlier  than  agghitinins,  specific  to  the  "Types." 

V.  Experiments  conducted  in  vivo  to  examine  tfic  y)roblem  of  infection 
\\'\\  h  B.  tefani,  as  contrasted  with  intoxication  due  to  absorption  of  the  products 
of  that  organism. 

The  points  dealt  with  in  Section  V  are: 

(a)    The  importance  of  a  suitable  nidus  for  the  development  of  infection. 

{h)  Relation  which  the  degree  and  nature  of  the  tissue  destruction  or 
do])ibtation  necessary  for  the  inception  of  infection  bears  to  the  development 
of  tetanus,  and  to  prophylaxis  by  antitoxin. 

(c)  The  part  played  by  concomitant  infection  with  micro-organisms 
other  than  B.  tetani  in  activ.ating  or  depressing  the  infective  process  and  the 
intoxication  in  tetanus. 

{d)  The  immunity  conferred  by  the  use  of  mono-typical  antitoxic  and 
anti-hacterial  sera.  ^ 

VI.  The  influence  which  various  surgical  procedures  exert  upon  infection 
of  wounds  due  to  anaerobic  bacteria. 

VII.  Attempts  (a)  to  diagnose  tetanus,  and  (h)  to  determine  the  "Type" 
of  the  infection  in  cases  of  the  disease  by  means  of  an  agglutination  reaction, 
using  the  blood  of  patients  suffering  from  tetanus  for  agglutinating  stock 
emulsions  of  B.  tetani. 

VIII.  An  inquiry  into  the  question  of  whether  the  serological  Types  are 
evolved  as  a  result  of  the  residence  of  the  bacillus  in  the  tissues  of  an  individual 
belonging  to  one  or  other  of  the  haemagglutinating  groups  of  men. 

IX.  A  discussion  of  two  cases  of  abdominal  tetanus. 

X.  The  results  of  examination  of  faeces  for  the  presence  of  B.  tetani  in 
the  intestinal  contents  of 

{a)    Civilians, 

(6)    Men  returned  from  active  service. 
Throughout  each  phase  of  the  investigation  one  object  only  has  been  kept 
in  view^ — the  possible  application  of  laboratory  findings  to  the  improvement 
of  prophylaxis  and  therapeutics  of  tetanus. 

Until  mono-typical  antitoxic  and  anti-hacterial  sera  are  available  in  much 
larger  quantities  than  is  possible  when  ordinary  laboratory  animals  are  used 
for  serum  preparation,  many  of  the  questions  raised  by  the  w^ork  described 
in  this  Report  must  remain  unsettled. 

8—2 
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The  investi*!;ation8  discussed  in  this  Report  are  therefore  admittedly 
incomplete,  but  the  work  has,  I  think,  reached  a  phase  in  which  it  may,  with 
advantage,  be  submitted  for  discussion. 

I  have  the  honour  to  be,  ►^ir. 

Your  obedient  Servant, 

(Signed)     William  J.  Tulloch,  M.D.,  Bt.  Major,  K.A.M.C. 

Lecturer  in  Bacteriolo^'y,  The  University  of  St  Andrews. 

INTRODUCTION. 

In  a  paper  published  in  the  Journal  of  the  R.A.M.C,  December  1917,  it  was 
demonstrated,  that  B.  tetnni  was  susceptible  of  classification  by  serological 
methods  into  at  least  three  "Types."  Since  the  publication  of  that  paper,  a 
fourth  Type  has  been  encountered;  but,  so  far,  it  has  been  demonstrated  only 
in  five  instances — four  being  from  cases  of  declared  tetanus  which  were 
not,  however,  fatal. 

The  serological  classification  of  B.  tetani  at  once  suggested  the  question: 
^'  What  relationship,  if  any,  do  the  various  Types  of  the  bacillus  bear  to  the 
causation  and  pathology  of  the  disease?" 

The  necessity  for  an  inquiry  was  insistent,  as  both  the  prophylaxis  and 
therapeutics  of  tetanus  might  have  to  be  modified  in  view  of  the  findings 
obtained. 

The  investigation  was  prosecuted  as  follows: 

(a)  As  many  cases  of  tetanus  as  possible  were  examined  by  bacterio- 
logical methods,  in  order  to  determine  the  serological  Type  of  the  bacillus 
responsible  for  the  causation  of  the  disease  in  each  instance. 

(h)  In  order  to  control  these  findings,  the  frequency  with  which  the 
various  serological  Types  of  B.  tetani  could  be  obtained  from  wounds  of  men 
not  suffering  from  tetanus,  was  made  the  subject  of  inquiry. 

(c)  Laboratory  experiments,  both  in  vitro  and  in  vivo,  were  carried  out, 
in  order  to  determine  whether  crossed  immunity  to  intoxication  or  to  infection 
with  the  various  Types,  or  their  products,  indicated  that  the  typing  of  the 
bacilli  was  or  was  not  of  importance  in  relation  to  the  pathogenesis  of  the 
disease  and  its  serum  prophylaxis.  The  question  of  the  degree  of  passive 
immunity  to  infection  conferred  by  the  injection  of  antitoxin,  naturally  called 
for  examination  in  this  connection. 

(d)  The  influence  which  various  surgical  procedures  might  have  in 
preventing  or  lessening  mass  infection  with  anaerobes  was  also  investigated. 
This  Section  of  the  work  is  of  special  interest  and  importance,  as  the  most 
important  element  in  the  prevention  of  anaerobe  infections  is  the  surgical 
procedure  employed  in  the  treatment  of  wounds. 

(e)  The  question  was  investigated  as  to  whether  diagnosis  of  the 
disease  in  its  prodromal  stage  might  not  be  assisted  by  an  agglutination 
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toflnii(|U(\   ill    wliicli   slock   cimilsioiis  of  llic  Typo   hucilli   were  exposed  to 
])al  icMits'  sera. 

(/)  The  rclaf ioiisliip  wliicli  concomitant  infection  with  certain  of  the 
coninioiuM'  ;ma(M()l)(',s  otliei-  lliaii  Ji.  teiani  nii^ht  hear  to  the  cau.satioii  of 
tt^faniis,  was  also  iiia(h'  the  suhjccl  of  in(|iiiiy. 


SRC^TION  I. 

TVPKS  Ol'    /;.  TKTANl  ()P,TAI  XKI)   FIIOAI   WOUNDS  OF  MKX 
SUrKKIUXd   I'MIOAI  TETANUS. 

This  Section  of  the  investigation  was  undertaken  with  a  view  to  deter- 
mining what  influence,  if  any,  universally  aj)plied  serum  prophylaxis  exerted 
upon  the  incidence,  course,  and  issue  of  the  disease,  in  respect  of  the  sero- 
logical Types  of  the  bacillus  responsible  for  its  causation. 

From  examination  of  cultures,  seven  in  number,  obtained  from  various 
Serum  Institutes,  it  was  found  that  all  seven  specimens  conformed  serologically 
to  the  "U.S.A.  standard  culture."  As  these  seven  cultures  comprised  those 
commonly  in  use  in  the  ICnglish  Serum  Institutes  for  the  preparation  of 
tetanus  antftoxin,  it  seemed  not  improbable,  that  serum,  corresponding  to 
one  serological  type  of  the  bacillus  only,  was  being  employed  for  prophylaxis, 
so  far  as  the  bulk  of  our  ow^n  troops  was  concerned.  This  might  result  in  the 
elimination  of  the  disease  produced  by  one  serological  Type  of  the  bacillus, 
but  might  not,  to  the  same  extent,  reduce  the  incidence  of  the  disease,  when 
the  causal  organism  was  heterologous  to  the  prophylactic  serum. 

This  appeared  to  be  strikingly  borne  out  by  the  examination  of  the  first 
25  strains  of  B.  tetani  obtained  from  cases  of  the  disease,  as  typed  by  the 
agglutination  method.  Only  one  belonged  to  the  same  serological  group  as  the 
standard  U.S.A.  culture — hereafter  referred  to  as  "Type  I."  At  the  same 
time,  of  the  four  cultures  of  toxic  tetanus  bacilli  that  had  been  then  isolated 
from  wounds  of  men  not  suffering  from  the  disease,  three  conformed  to  that 
Type  on  serological  investigation. 

It  will  be  seen  from  the  further  consideration  of  this  Section  of  the 
Report,  that  although  the  hypothesis  tentatively  advanced  above  is  possibly 
correct,  the  demarcation  between  cases  due  to  Type  I  bacilli  and  cases  due 
to  the  other  Types  among  inoculated  men,  is  not  so  clear  cut  as  the  earlier 
inquiries  might  have  led  one  to  beheve. 

(a)     Fallaciefi  of  investigation. 

In  making  this  investigation,  the  number  of  fallacies  which  may  be  intro- 
duced is  such,  that  any  figures  obtained  and  quoted  can  only  have  a  relative 
value.  Apart  from  the  technical  difficulties  which  have  to  be  overcome  in 
attempting  to  obtain  the  organism  in  a  sufficient  state  of  purity  to  permit  of 
the  application  of  serological  tests,  other  quite  uncontrolled  sources  of  error 
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att'ect  the  problem.    Oreat  difficulty  is,  therefore,  experienced  in  interpreting; 
the  results  obtained. 

The  present  series  of  cases,  100  in  number,  represents  the  successful  results 
obtained  in  the  examination  of  about  200  specimens.  It  may  seem  that  a 
50  per  cent,  rate  of  successful  investigations  is  low,  but  it  must  be  borne  in 
mind,  that  the  material  was  not  collected  by  the  bacteriolo<iist,  and  that  it 
was  forwarded  to  the  laboratory  often  from  Ion*;  distances.  The  investigator 
was  therefore  not  in  a  position  to  obtain  optimum  results. 

Among  the  cases  in  which  I  failed  to  obtain  suitable  growths  for  agglutina- 
tion, a  small  number  of  swabs  grew  no  organisms  at  all;  a  larger  number  grew 
only  aerobes,  and  in  a  still  larger  number  there  were  no  organisms  resembling 
B.  tetani,  either  in  meat-water  cultures  or  in  cultures  made  in  media  of  a 
more  complex  composition.  A  considerable  number  of  the  cultures  which  did 
develop  bacilH  bearing  a  spherical  terminal  spore,  failed  to  agglutinate  in 
presence  of  any  of  the  four  Type  sera.  The  majority  of  these  agglutinated  in 
presence  of  a  serum  prepared  by  inoculating  an  animal  with  a  culture  of  a 
non-toxic  round  end-sporing  bacillus,  whose  precise  position  and  relationship 
have  not  yet  been  determined. 

In  point  of  fact,  it  is  remarkable,  in  view  of  the  technical  difficulties  that 
are  encountered,  that  not  so  few,  but  so  many  as  50  per  cent,  were  successfully 
investigated.  This  purely  technical  difficulty  then,  introduces  an  experimental 
error,  the  assessment  of  which  is  by  no  means  easy.  This  error  can  only  be 
reduced  by  examination  of  a  further  series  of  cases.  In  addition  to  the  difficulty 
of  isolation,  the  occurrence  in  the  cultures  of  a  peculiar  inagglutinable  phase 
renders  statistical  inquiry,  based  on  agglutination,  a  laborious  and  not  com- 
pletely satisfactory  procedure. 

I  wish  here  to  emphasise  a  point  that  might  otherwise  be  misunderstood, 
viz.,  that  I  do  not  consider  it  probable  that  all  organisms  capable  of  elaborating 
spasm-producing  toxins,  will  necessarily  be  agglutinated  by  one  or  other  of 
the  four  Type  sera;  I  do  think  it  probable,  however,  that  the  majority  of  such 
organisms  can  be  so  agglutinated. 

In  any  series  of  cases  of  tetanus,  the  incidence,  course,  and  termination  of 
the  disease  are  all  modified  by  a  number  of  factors.  These  factors,  which  in 
each  individual  case  will  modify  the  disease,  are : 

(i)  The  nature  of  the  wound,  the  extent  of  the  solution  of  continuity, 
the  involvement  of  muscle  or  other  structures,  the  degree  of  devitalisation  of 
tissue  due  to  direct  trauma,  the  degree  of  interference  with  the  nutrition  of  the 
part  due  to  concomitant  trauma  to  vessels,  etc. ;  all  these  must  play  a  part, 
and  an  important  part,  in  the  pathogenesis  and  final  issue  of  any  case.  Short 
of  visiting  and  personally  examining  every  case,  the  part  played  by  each  of 
these  factors  in  the  causation  of  the  disease  cannot  be  even  remotely  esti- 
mated. 

(ii)  The  position  of  the  wound  and  its  anatomical  relationship  may  have 
some  bearing  on  the  incidence  and  result  of  infection  with  B.  tetani. 
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(iii)  Tlic  iial  lire  and  extent  of  concoinitajit  infection  with  other  organisms 
is  an  (\\1  icinclx  inipoilanl,  and  a  (\\\'\\v  uncontrollable  (uncontrollable  from  the 
standpoint  of  the.  investii^ator)  factor-  in  determining  the  onset  of  tetanus. 
This  question  is  dealt  with  to  some  extent  in  Section  V  of  the  Keport. 

(iv)  As  a  natural  corollary  of  (a)  and  (c)  supra,  the  nature  of  the  first 
surgical  interfercMice  carried  out  immediately  after  the  rece})tion  of  the 
wound,  and,  to  a  less  extent,  the  procedure  thereafter  followed,  will  influence 
profoundly  the  subse(|uent  history  of  a  case  in  respect  of  the  incidence  of  all 
specific  infection  in  the  present  instance  infection  due  to  gas  gangrene  bacilli 
and  B.  Icldni. 

(v)  The  conditions  under  which  the  wound  was  received,  notably,  the 
length  of  time  the  man  lay  out  before  he  was  picked  up,  will  also  have  a 
bearing  upon  the  subsequent  development  of  tetanus  and  other  infections. 

(vi)  Other  conditions,  which  cannot  be  dismissed  without  consideration 
in  this  connection,  are  meteorological,  geographical,  geological,  seasonal  and 
agricultural  conditions. 

With  so  many  potential  sources  of  error  intrinsic  to  the  cases  and  insepar- 
able from  the  technique  that  one  is  forced  to  adopt,  the  present  series  of  100 
cases  cannot  be  expected  to  give  unequivocal  information  on  the  point  of 
issue.  None  the  less,  the  series  is  of  interest  and  suggests  certain  not  unimpor- 
tant considerations. 

(6)     Tabulation  of  cases  due  to  various  types. 

Table  I  shows  the  number  of  cases,  the  incubation  period,  and  the  final 
result  in  those  instances,  in  which  Type  I  bacilli  were  recovered  from  wound 
exudates  of  cases  of  declared  tetanus. 

Table  II  show^s  the  same  with  regard  to  Type  II  bacilli. 

Table  III  shows  the  same  with  regard  to  Type  III  bacilli. 

Table  IV  shows  the  same  with  regard  to  Type  IV  bacilli. 

Table  I.    Cases  of  Tetanus  due  to  Type  I, 


Recovery 
or  death 

Prophy- 
lactic 

Thera- 
peutic 

Local 

Creneral 

Where  wounded 

Onset 

1.    Recovered 

+ 

+ 

+ 

St  Quentin 

7  days 

2.    Recovered 

+ 

+ 

+ 

DelvilleWood      ... 

7 

>> 

3.    Died 

-h 

-f- 

+ 

Vieux  Berquin 

7 

»» 

4.    Died 

- 

+ 

-1- 

Peronne     

8 

,, 

5.    Recovered 

+ 

+ 

+ 

...         ...         ... 

0 

»» 

6.    Died 

- 

+ 

+ 

Hull  Docks 

9 

»» 

7.    Recovered 

+ 

-1- 

-1- 

France 

9 

,, 

8.    Recovered 

+ 

+ 

+ 

DelvilleWood      ... 

10 

,, 

9.    Died 

+ 

-f- 

+ 

Near  Maillet 

10 

,, 

10.    Recovered 

+ 

+ 

-1- 

... 

Posieres    ... 

11 

,. 

11.    Died 

+ 

+ 

... 

+ 

Somme      

11 

.. 

12.    Recovered 

-h 

+ 

+ 

Bon  Hamel 

11 

.. 

13.    Died 

+ 

-  • 

+ 

... 

Amiens 

12 

.. 

14.    Recovered 

+ 

+ 

-f- 

... 

Thiepval 

i:{ 

.. 

15.    Recovered 

+ 

-h 

. . . 

+ 

Somme      

13 

., 
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16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
3o. 
36. 
37. 
38. 
39. 
40. 
41. 


Recovery 
or  death 

Recovered 

Reeoveretl 

Rt'covered 

Died 

Died 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Died 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 

Recovered 


Table  I.    Cases  of  Tetanus  due  to  Type  I — (contd.) 

Thera- 
peutic Local 

+ 


Prophy- 
lactic 


3. 
4. 
5. 

6. 

/. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


Recovery 
or  death 

Recovered 

Recovered 

Recovered 

Died 

Recovered 

Died 

Died 

Recovered 

Recovered 

Died 

Recovered 

Recovered 

Died 

Died 

Died 

Died 

Recovered 

Recovered 

Recovered 

Recovered 


+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 


+ 


+ 


General 

Where  woundet 

Onse 

t 

+ 

Ypres 

13  days 

+ 

Mametz  Wood 

14     , 

C'orbi(^ 

16     , 

+ 

Thicpval    ... 

16     , 

+ 

Cainhrai     ... 

17     , 

•  •  • 

La  Boiselle 

18     , 

+ 

Lc  Transloy 

19     , 

+ 

Hapauine  ... 

19     , 

+ 

Bullccourt 

19     , 

+ 

Somme 

..       20     , 

+ 

Roye 

..       21     . 

+ 

Bazantin  le  petit 

..       21     , 

+ 

(Jouzicourt 

22     , 

+ 

Hardicourt 

..       29     , 

+ 

Arniciitieres 

..       33     , 

+ 

Albert 

..       33     , 

+ 

Ypres 

..       46     , 

+ 

Neuve  Chapelle 

54     , 

+ 

Ypres 

54     , 

+ 

...         ... 

...       56     , 

+ 

Somme 

..       58     , 

+ 

Fricourt     ...    ' 

..       75     , 

+ 

Ypres 

..       94     , 

+ 

Sorame 

..     101     , 

+ 

Poelcapelle 

..     110     , 

+ 

Polygon  Wood 

..     114     , 

Table  II.    Cases  of  Tetanus  due  to  Type  II. 


Prophy- 
lactic 

+ 
+ 
+ 

+ 
+ 
+ 
-f 


+ 
+ 
+ 
-f 

-»- 

+ 
+ 
+ 


Thera- 
peutic 

+ 

+ 

+ 

+ 

+ 

+ 

-f 

+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 


Local 


+ 


+ 


+ 


+ 
+ 


General 

Where  woundec 

I           Onset 

+ 

N(?\vton  Hungerford        7  days 

... 

Hollebeke... 

8     , 

+ 

...         ... 

8     , 

+ 

Vimy  Ridge 

9     , 

... 

Ypres 

..       10     , 

+ 

Hirnville   ... 

...       10     , 

+ 

...         ... 

..       10     , 

... 

Ypres 

...       12     , 

+ 

Poelcapelle 

12     , 

+ 

France 

..       14     , 

... 

Zonnebeke 

..       15     , 

+ 

Guinchy    ... 

..       16     , 

+ 

... 

..       18     , 

-f 

France 

19     , 

+ 

Abergele  (Wales) 

..       19     , 

... 

Ypres 

..       21     , 

... 

Posieres     . . . 

..       28     , 

... 

Ypres 

..       76     , 

+ 

Langemarke 

..       77     , 

+ 

Vimy  Ridge 

..     120     , 

Details  not  available. 
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Th1)I(»  III.    Cases  of  Tetanus  due  /o  Tijpe  111. 


Rooovciy 

l'i(i|)li\ - 

Tlicra- 

or  (l(«alli 

lactic 

)K>utic 

Local 

(General 

Where  wounded 

Onset 

1 .     Divd 

-i- 

+ 

... 

+ 

VMmy  Ri(l<.'(' 

.'{  days 

1».     Divd 

+ 

+ 

... 

-}- 

I'^llllKM! 

.")     ,, 

:\.     Died 

4- 

+ 

... 

+ 

Cambrai 

() 

99 

\.     liccovorvd 

+ 

■\- 

. .. 

+ 

VillcfH  nrctonncnx 

(i 

99 

:>.    Dud 

-+- 

+ 

... 

+ 

Tliicpval 

7 

99 

().     Died 

- 

+ 

... 

+ 

Cambrai 

8 

99 

7.     Rrrovorrd 

4- 

+ 

... 

+ 

Albert        

8 

S.     Died 

- 

+ 

... 

-f 

York.shire... 

8 

\).       R('{'<)V(M'('(1 

+ 

+ 

-( 

l>ij||(H;oiirt 

9 

10.    Died 

+ 

+ 

... 

+ 

... 

10 

11.    Recovered 

■f 

+ 

+ 

•  •  • 

Amiens 

10 

12.    Recovered 

+ 

+ 

+ 

.  •  • 

Ypnvs 

11 

13.    Died 

+ 

+ 

... 

+ 

Borsin^he 

12 

14.    Recovered 

+ 

+ 

... 

+ 

•  •  •                   •  •  • 

13 

15.    Died* 

+ 

+ 

... 

+ 

Villers  Bretonneux 

14 

IC.    Recovered 

+ 

+ 

... 

+ 

Bullecourt 

14 

17.    Died 

+ 

+ 

... 

+ 

Trones  Wood 

14 

18.    Recovered 

+ 

+ 

... 

+ 

Trones  Wood 

15 

19.    Died 

+ 

+ 

... 

+ 

St  Quentin 

Hi 

20.    Recovered 

+ 

+ 

... 

+ 

Passchendaole 

17 

21.    Recovered 

+ 

+ 

+ 

Passchendaele 

18 

22,    Recovered 

+ 

+ 

... 

+ 

Ypres         

18 

23.    Died 

+ 

+ 

... 

+ 



19 

24.    Recovered 

+ 

.    .+ 

... 

+ 

Amiens      

20 

25.    Died 

+ 

+ 

... 

+ 

Somme      

30 

26.    Recovered 

+ 

+ 

... 

.     + 

Gonnelieu... 

30     , 

27.    Died 

+ 

+ 

... 

+ 

Guinchy    ... 

43     , 

28.    Recovered 

+ 

+ 

... 

+ 

Blighty  Wood      ... 

54     , 

29.    Recovered 

+ 

+ 

... 

+ 

Albert        

57     , 

30.    Recovered 

+ 

+ 

... 

+ 

Guyencourt 

65     , 

31.    Recovered 

+ 

+ 

... 

+ 

France 

81     , 

32.    Recovered 

+ 

+ 

... 

+ 

Cambrai 

101     , 

33.    Died 

+ 

+ 

... 

+ 

•  •• 

149     , 

1. 

2, 
3. 
4. 


Recovery 
or  death 

Recovered 
Recovered 
Recovered 
Recovered 


*  Prophylactic  inoculation  made  late. 

Table  IV.    Cases  of  Tetanus  due  to  Type  IV. 

Prophy- 
lactic 


+ 
+ 
+ 


Thera- 
peutic 

+ 
+ 
+ 

+ 


Local         General  Where  wounded 

+  ...  Posieres     ... 

+  Villers  Pouchee    .. 

+  Bapaume  ... 

+  Ypres 


Onset 
4  days 
17     ,. 

48  „ 

49  .. 


The  findings  described  in  Tables  I,  II,  III,  and  IV,  are  graphically  sum- 
marised in  the  following  Diagram  I  (p.  112). 

Commenting  on  these  results,  I  wish  to  call  particular  attention  to  a 
point  of  great  importance,  viz.,  that  the  prophylactic  administration  of 
A.T.S.,  although  failing  to  prevent  absolutely  the  occurrence  of  tetanus,  tends 
very  markedly  to  reduce  the  death-rate  from  the  disease.  This  is  indicated  by 
the  fact  that  death  occurred  in  six  out  of  seven  cases  of  generalised  tetanus  in 
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the  present  series,  which  did  not  receive  a  prophylactic  dose  of  A. 
Whereas  of  75  cases,  which  were  definitely  known  to  have  received  a  pro| 
lactic  dose  of  serum,  only  25  terminated  fatally. 


T.S. 
)hy- 
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1                         1 
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Diagram  I.     Types  of  H.  tetaiii  obtained  from  100  cases  of  tetanus  in  which  the  organism 
cultured  in  a  sutWcient  state  of  purity  to  permit  of  serological  exandnation. 


was 


If  now,  we  limit  ourselves  to  those  cases  which  received  a  prophylactic 
injection  of  serum  the  following  figures  are  obtained. 

(a)  Type  I  appeared  to  be  the  organism  responsible  for  the  disease  in 
38  cases;  six  deaths  occurred  in  this  series,  of  which  four  were  definitely 
attributable  to  tetanus,  one  was  certainly  not  due  to  that  disease,  and  in  the 
remaining  case  the  cause  of  death  was  doubtful.  This  gives  a  death-rate  of 
l.'M  per  cent,  for  cases  due  to  Type  I. 

(6)  Type  II  was  found  in  18  cases,  six  of  which  terminated  fatally.  In 
five  instances  death  was  definitely  attributable  to  tetanus — a  death-rate  for 
Type  II  of  27-7  per  cent. 

(c)  Of  Type  III  there  were  31  cases  with  12  deaths,  all  of  which  were 
attributable  to  tetanus.  In  one  case  the  prophylactic  dose  of  A. T.S.  was 
known  to  have  been  administered  late.  Therefore,  we  may  regard  the  death- 
rate  as  11  out  of  31  (=  35-5  per  cent.). 

(d)  Of  Type  IV  infection  there  were  only  four  cases  none  of  which  were 
fatal. 

These  facts  are  presented  graphically  in  Diagram  II. 


Diagram  II.  Number  of  each  type  of  B.  tetnni  re- 
covered from  declared  cases  of  the  disease  occurring  in 
inoculated  men. 

The  actual  number  of  deaths  due  to  each  type 


Deaths  from  each  type  of  infection  expressed  as  a 
percentage  of  the  number  of  cases  in  which  each  type 
was  "isolated"  from  declared  cases  of  tetanus  in  in- 
oculated men. 


These  findings  call  for  the  following  comments. 
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(r)     Discussion  of  findings. 

{(i)  Owini;  to  t  lie  total  miiiiher  of  cases  examined  (JOO)  being  small, 
it  is  diflicuH  to  (iiaw  (Idinite  conclusions  from  the  results  obtained.  I  think, 
howev(M\  I  lull  (lie  rni(liii«is  arc  su<r(restive,  particularly  in  view  of  the  fact 
1li;i(,  bolli  in  I  lie  cMse  of  Type  II  iiiid  in  tlial  of  Type  ill  infections,  the  death- 
late  is  coiisideiably  hij^her  than  when  'J'ype  1  is  the  orf^anisni  responsible  for 
1  lie  (liseas(\ 

(/>)  Althouj^h  Type  I  bacilli  appear  to  be  responsible  for  a  larger  number 
ol  cases  of  tetanus  than  are  Ty})es  II  or  III,  the  death-rate  among  inoculated 
men  from  Type  1  is  lower  than  when  Type  II  or  Type  III  is  the  infecting 
organism. 

This  might  be  due  simply  to  there  being  a  relatively  larger  number  of 
strains  of  Types  II  and  III  virulent  to  man  than  there  are  of  Type  I;  on  the 
contrary,  it  may  mean  that  the  serum  used  for  prophylaxis  affords  more 
adequate  protection  against  infection  with  Type  I  bacilli  than  against  infec- 
tion with  Types  II  and  III.  Further  Sections  of  the  present  Report  deal  with 
attempts  which  have  been  made  to  determine  which  of  these  hypotheses  is 
correct. 

The  figures,  so  far  obtained,  are,  however,  susceptible  of  inquiry  from 
another  point  of  view.  If  the  low  death-rate  and  (as  will  be  seen  from  Section 
III  of  the  present  Report)  the  relatively  low  rate  of  incidence  of  cases  due  to 
Type  I  infection,  are  attributable  to  special  qualities  of  the  serum  used  for  pro- 
phylaxis, then,  the  number  of  cases  occurring  during  the  first  two  weeks  after 
wounding,  and  the  proportion  of  those  which  terminated  fatally,  should  be  rela- 
tively greater  in  infections  due  to  Types  II  and  III  than  in  those  due  to  Type  I. 

On  examining  Tables  I,  II  and  III,  it  will  be  noted  that: 

1.  Of  38  cases  of  Type  I  infection  in  inoculated  men  the  onset  of  the 
disease  occurred  within  14  days  in  15  instances,  and  death  was  attributable 
to  tetanus  in  three  out  of  15  instances. 

2.  Of  17  cases  in  inoculated  men  in  which  the  causal  organism  was  a  Type  II 
bacillus,  eight  occurred  within  the  14-day  period  and  of  these  three  proved  fatal. 

3.  Of  Type  III  cases  there  are  31  in  inoculated  men;  in  15  instances  the 
onset  occurred  within  the  14-day  period  and  eight  of  them  proved  fatal. 
Death  was  attributable  to  tetanus  in  all  eight  cases. 

These  results  may,  for  purposes  of  comparison,  be  graphically  expressed  thus . 
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DiAGUAM  III.     Cases  of  tetanus  in  inoculated  men  due  to  Types  I,  II,  and  III  in  which 
onset  occurred  within  2  weeks.    Rates  expressed  as  percentages. 

1  —  Incidence.         §■■  —  Death  rate. 
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Regarded  superficially,  these  figures  do  not  appear  to  carry  conviction, 
as  the  numbers  dealt  with  are  too  small. 

A  more  careful  consideration  of  them,  however,  indicates  that  they  are 
extremely  suggestive,  and  a  fairly  definite  interpretation  of  these  figures  is 
made  possible  by  the  results  obtained  in  Sections  III  and  V  of  this  Report. 
Section  III  shows  that  Type  I  bacilli  are  found  much  more  freijuently  than 
are  Types  II  or  III  in  wounds  of  (inoculated)  men  who  show  no  evidence  of 
tetanus;  while  Section  V  demonstrates  that,  in  passively  immunised  animals, 
the  development  of  tetanus  infection  depends  to  a  preponderating  extent  upon 
the  degree  of  tissue  destruction  occurring  at  the  time  of  injury.  It  is  only 
natural  then,  that  Type  I  cases  can  and  will  occur  within  the  14-day  period, 
and  that  a  certain  number  of  these  will  prove  fatal;  for,  if  the  degree  of  tissue 
destruction  exceeds  certain  limits,  no  amount  of  antitoxin — in  practical  dosage 
at  least — will  prevent  the  occurrence  of  the  disease. 

That  the  findings  obtained  in  this  Section  of  the  work  represent  a  fair 
average  of  what  would  probably  be  found  in  examining  a  larger  series  of  cases 
is  suggested  by  the  fact,  that,  of  about  100  cases  of  tetanus  occurring  in 
inoculated  men,  from  whose  wounds  1  failed  to  obtain  B.  tetani  in  a  sufficient 
state  of  purity  to  permit  of  its  serological  examination,  the  death-rate  was 
21  per  cent.,  whereas  in  the  series  under  discussion,  the  death-rate  is  much 
the  same — 25  per  cent. 

General  Conct^usions  from  Section  I  (pp.  107-114). 

An  examination  of  100  cultures  of  B.  tetani  obtained  from  wounds  of  men 
suffering  from  tetanus  shows: 

1.  That  the  value  of  serum  prophylaxis  is  very  great  indeed.  Practically 
all  the  cases  of  the  disease  which  occur  in  men  who  have  not  received  serum 
prophylaxis  terminate  fatally. 

2.  There  are  indications  both  from 
(a)    The  higher  death-rate,  and 

(6)  The  earlier  onset  of  the  disease  among  men  w^ho  did  receive  serum 
prophylaxis,  that,  either,  Types  II  and  III  are  more  virulent  for  man  than  is 
Type  I,  or,  the  protection  afforded  by  the  serum  at  present  in  use,  is  more 
adequate  against  infection  due  to  Type  I  bacilli  than  to  Types  II  or  III. 


SECTION  II. 

TYPES  OF  TETANUS  BACILLI  RECOVERED  FROM  MEN  SHOWING  NO 

EVIDENCE  OF  TETANUS. 

An  investigation  into  the  distribution  of  the  various  serological  Types  of 
B.  tetani  in  wounds  of  men  who  show  no  clinical  evidence  of  tetanus  is  an 
essential  corollary  to  the  previous  inquiry.  If  such  an  investigation  be  not 
made,  wrong  interpretations  might  be  put  upon  the  findings  of  Section  I, 
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and  a  false  |)('is|)('ctivo  nii^Iit  bo  obtained  of  t  lie  actual  incidence  of  the  various 
Ty|)e.s  (tf  the  bacillus  in  wounds.  During  the  period  in  which  the  scries  of  cases 
discussed  in  Section  I  was  beinjjj  su])initted  to  bacterioloj^ical  examination, 
a  nuiulxM*  of  swahs  were  forwarded  to  the  la])orat()ry  from  wounds  in  wliicli 
oi»ianisnis  res(Mnl)lin<4  H.lclani  had  been  demonstrated  by  otlier  investigators, 
aithou«;h  the  patients  sliowed  no  evidence  of  tetanus. 

These  were  submitted  to  complete  bacteriological  examination  along  with 
cultures  containing  bacilli  resembling  B.  teiani  which  Miss  Cayley  encountered 
in  making  an  investigation  into  the  anaerobic  flora  of  a  series  of  100  wounds. 

In  all,  25  such  strains  were  obtained  from  wounds.  These  25  strains  were 
each  carefully  examined  and  only  qualified  as  members  of  one  or  other  of  the 
serological  Types  of  B.  tetani  when  they 

(1)  agglutinated  in  presence  of  one  or  other  of  the  agglutinating  sera, 

(2)  produced  toxin  when  grown  in  vitro,  or, 

(3)  caused  tetanus  when  injected  together  with  a  tissue-debilitant. 
It  may  seem  peculiar  that  a  differentiation  is  made  between 

(a)    power  to  produce  toxin  when  grown  in  vitro,  and 
(6)    power  to  produce  the  disease  when  washed  spores  of  the  culture  are 
injected  together  with  a  tissue-debilitant. 

But,  however,  such  differentiation  of  these  two  factors  must  be  made,  in 
view  of  the  findings  which  are  discussed  in  extenso  in  Section  V  of  the  present 
Report. 

Of  these  25  strains  which  were  proved  both  by  agglutination  and  animal 
experiment 

19  were  Type  I  bacilli 

^  ))  )?  II  5> 

2     „        „     III    „ 
1  was       ,,     IV    ,, 


The  results  obtained  in  Section  II  are  graphically  shown  in  the  following 
diagram — Diagram  IV. 
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Diagram  IV.     Aetu.il  numbers  of  B.  tetani,  proved  by  animal  tests  and  obtained 
from  wounds  of  men  showing  no  evidence  of  tetanus. 

!■  =  From  series  of  100  wounds. 
^gl  ~  From  all  sources. 
B^a  =  Result  equivocal. 


♦) 


Tetanus 


The  details  of  the  examination  of  each  of  these  strains  are  iiiven  in  the 


following  Table. 


Table  V. 


A.    Strains  of  H.  tetani  ohlai  tied  from  the  exantination  of  100  wounds 
of  men  not  suffering  from  Tetanus, 


No. 
1. 

3. 

4. 


9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


Animal 
fixperiment 

Toxin  expt.  positive 


Toxin  expt.  negative 
Infection  expt.  positive 
Toxin  expt.  positive 

>>  »> 

Toxin  expt.  negative 
Infection  expt.  positive 
Toxin  expt.  negative 
Infection  expt.  positive 
Toxin  expt.  negative 
Infection  expt.  positive 
Toxin  expt.  positive 


See  Footnote  (i) 
Toxin  expt.  positive 


(See  Footnote  (ii) 
Toxin  expt.  positive 
See  Footnote  (ii) 
Toxin  expt.  positive 


Agglutination 


Type 


Since 
wounding 

7  days 

7  „ 
I'O  „ 
24     ,. 


25 
30 
32 

35 

39 


Where 
wounded 


Ypres 
Albert 


V'illei.s  Bietonneux 

Mericourt 

Canibrai 


64 

Battfirsea 

112 

Ypres 

130 

Cambrai 

733 

Hohenzollern  Redoubt 

8(U) 

Poelcaj)eIle 

882 

Canibrai 

15 

Bapaume 

100 

Cambrai 

138 

Passchendaele 

54 

Monchy 

11 

16 

Orvillers 

■If 

305 

Hermies 

B.    Strains  of  B.  tetani  obtained  from  wounds  of  men  not  suffering  frpm 
Tetanus  obtained  from  various  other  sources. 


1.    Toxin  expt.  positive 
^'  >>  »» 

■*•  »»  >» 

K 

6. 


Type  I 
I 
I 


I 

11 

III 


49  days  Cambrai 

56     „  „ 

56     „  „ 

No  details  obtainable 

8  days         No  further  details 

No  details  obtainable 


Footnote  (i).  With  reference  to  No.  13,  toxin  experiments  were  negative,  and  when  an 
attempt  was  made  to  carry  out  the  mfection  experiment,  the  animals  died  of  gas  gangrene. 

Footnote  (ii).  Culture  17  which  agglutinated  in  presence  of  Type  II  serum  was  lost  before  the 
animal  experiments  were  completed;  culture  19  is  still  under  investigation. 
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If  \\v  liiiiil  oiirsclvcs  lo  the  coiiHidcratioii  of  tlioso  cultuics  obtained  by 
Mi«8  C'aylry  in  I  lie  cx.iiniiinl  ion  of  10(1  woinids  in  Ta])Io  I  A,  it.  is  found  that 

'r\j)(>  I  bjicilli  were  found  in  15  cases 
1 1  9 

„      III  „  „  I  case 

n  '    '  "  55  '55 

Jn  addition  to  tlio,  two  culturos  of  Type  II  recorded  above  there  were  the 
two  other  cases, ^  nninely  cultures  17  and  i!),  which  could  not  })e  fully 
investii^ated. 

The  results  dealt  with  in  this  Sectioji  will  be  more  fully  discussed  in  Section 
III. 

Commenting;  on  these  results  it  is  seen: 

1.  That  Type  I  bacilli  appear  to  be  much  more  frequently  found  in 
wounds  than  are  bacilli  of  the  other  serological  Types. 

2.  That,  in  100  wounds  of  men  w^ho  showed  no  evidence  of  tetanus, 
B.  (cftuii  could  be  recovered  in  certainly  19  and  probably  in  21  instances. 


'  SECTION  III. 

THE  RE8LjLTS  OBTAINED  IN  SECTION  I  AND  SECTION  LI  ARE  CONTRASTED. 

Note  on  the  geographical  distribution  of  the  various  serological 
types  of  b.  tetani  on  the  western  front. 

If  the  findings  of  Section  I,  which  deals  with  the  investigation  of  swabs 
from  wounds  of  men  suffering  from  tetanus,  be  contrasted  with  the  findings 
of  Section  II,  which  deals  with  the  demonstration  of  tetanus  bacilli  in  the 
wounds  of  men  showing  no  evidence  of  tetanus,  the  following  results  are 
obtained. 

The  total  number  of  tetanus  bacilli  isolated  from  cases  of  the  disease  =  100. 

The  total  number  of  tetanus  bacilli  isolated  from  w^ounds  of  men  showing 
no  evidence  of  tetanus  =  25. 

Type  I  from  cases  =41  41  % 

,,  I     ,,  indifferent  wounds  =  19  76 

„  II    „  cases                         =22  22 

,,  II    ,,  indifferent  wounds  =   3  12 

„  III,,  cases                         =33  33 

,,  III,,  indifferent  wounds  =  2  8 

,,  IV  „  cases                         =4  4 

,,  IV  „  indifferent  wounds  =   1  4 

This  is  graphically  shown  in  Diagram  V. 

AVe.  In  Diagram  V,  the  open  column  referring  to  Type  II  indicates  the 
percentage  of  proved  Type  II  bacilli  obtained  from  wounds  of  men  not  suffering 
from  tetanus. 


lis  THdnns 

The  hatched  cohiiim  indicates  the  Type  11  cultures  from  the  same  source 
in  which  the  investigation  is  not  completed. 

These  tindin<»s  also  su«»gest  that  the  protection  afforded  by  the  serum  at 
present  in  use  is  more  adequate  in  respect  of  Type  1  infection  than  in  respect 
of  infections  due  to  Types  11  and  111.  The  number  of  Type  IV  cases  is  as 
yet  too  small  to  permit  of  any  deductions  being  made  from  the  results 
obtained. 

10  20  to  40  'oO  1)0  'O 


^^:y^^_    .^^..^.^  ,.^  '  .''.^^.v^xsj  1  I 


pHBHHHH^HHBHHiE— 


II 


[II 


■:.^f;i^p?:^jfe!i^^i^  irr 


■i  IV 


DiAdiiAM  V.  Types  of  II.  tetani  "isolated"  from  cases  of  the  disease  compared  with  those 
"isolated"  from  "  imlifterent"  wounds  each  expressed  as  percentage  of  the  total  numbers  "iso- 
lated" from  each  source. 

^1  =  From  cases. 
pigl  =  From  "indifferent"  wounds. 

rM  =  Type  II  bacilli  from  "indifferent"  wounds  the  examination  of  which  was  not 
completed  or  the  result  obtained  was  equivocal. 

The  figures  so  far  obtained  may  be  dealt  with  from  another  standpoint. 
We  know  that  20  per  cent,  of  -svounds  may  contain  tetanus  bacilli,  it  is  also 
known  that  the  incidence  of  tetanus  among  the  w^ounded  in  England  is 
roughly  1  per  1000.  From  these  figures  it  appears  that  in  1000  wounds  there 
are  160  which  are  infected  with  Type  I  bacilli,  and  therefore,  only  1  in  160 
infections  with  that  organism  gives  rise  to  declared  tetanus. 

On  the  same  basis  1  in  20  at  the  lowest,  or  1  in  40  at  the  highest  estimate, 
gives  rise  to  the  disease  in  the  case  of  Type  II  infections.  Of  Type  III 
infections  there  appear  to  be  only  10  per  1000,  and  therefore,  every  tenth  man 
infected  with  Type  III  bacilli  may  fall  a  victim  to  the  disease. 

It  is  questionable  if  this  reasoning  is  strictly  justifiable,  for  the  assumption 
is  made  that  three  cases  instead  of  one  have  occurred  per  1000  wounded  men. 
As  the  results,  how^ever,  are  only  of  comparative  and  not  of  absolute  signifi- 
cance, the  same  error  is  introduced  in  each  instance. 

The  suggestion  w^hich  arises  from  the  consideration  of  the  facts  from  this 
point  of  view  may  be  diagrammatically  shown  thus  (Diagram  VI,  p.  119). 

The  following  conclusions  appear,  therefore,  to  be  permissible  from  the 
comparison  of  the  results  of  the  investigations  dealt  with  in  Sections  I  and  II. 

1.  That  Type  I  bacilli  are  of  more  frequent  occurrence  in  nature  than  are 
Types  II  and  III. 
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'2.     Tliiil  1  he  sciiini  at  picsciil  in  use  loi- |)i(>|)liylM\is  a  Holds  iii()!<' adcMjuate 
|)r()(('(li()ii   against    Tvjx'   I    iiilcct  ion   lliaii   a|rjiiiist  infection   with   tlic  other 


\I)l'S. 


DiAdKAM  VI.    The  columns  indicate  that  of  160  men  infected  with 
Type    I    bacilli,     ]  would  tiiko  the  disease 
Typo  II        ,,         8  ,,  ,,  ,, 

Type  III       ,,       16  ,,  ,,  ,, 

These  deductions  arc  made  with  reserve,  as  so  many  factors  enter  into  the 
causation  of  the  natural  disease  in  man,  and  so  many  more  appear  to  affect 
the  toxogenicity  of  B.  tetani.  Short  of  unequivocal  experimental  evidence 
being  obtained,  that  more  adequate  protection  is  afforded  by  a  serum 
homologous  to  the  infecting  bacillary  Type,  than  by  a  serum  heterologous 
thereto,  one  cannot  arrive  at  a  definite  conclusion  concerning  the  point  at  issue. 

Geographical  Distribution  of  various  Types  of  B.  tetani 
ON  THE  Western  Front. 

As  a  matter  of  scientific  interest,  if  not  of  practical  importance,  a  record 
was  kept  of  the  districts  in  France  where  each  man  received  his  injury. 
In  97  instances  this  information  was  available.  If  the  area  occupied  by 
British  troops  be  divided  roughly  into  two  districts,  (1)  north  of  the  La  Bassee 
Canal,  and  (2)  south  of  La  Bassee  Canal,  it  is  found  that: 


(i)     of  50  strains  of  Type  I  baciUi  13  came  from  the  N  Area 

(ii) 
(iii) 
(iv) 


„15 

»27 


II 


III 


IV 


37 

11 

4 

6 

21 

1 

4 


S 
N 
S 

N 
S 
N 
S 


These  figures  suggest  that  the  various  serological  Types  may  have  different 
geographical  distribution  in  view  of  the  relatively  large  number  of  Type  II 
bacilli  which  were  obtained  from  Flanders.  This  is  further  borne  out  by  the 
fact  that  during  the  period  of  the  Flanders  offensive  Type  II  were  frequently 
found,  while  with  the  alteration  of  the  fighting  to  the  Somme  area,  T^pes  I 
and  III  were  those  commonly  obtained. 

It  is  only  fair  to  note  that  among  a  small  number  of  cultures  obtamed 
from  men  who  received  injuries  in  this  country  all  types  of  B.  tetani  were 
represented. 

g 

Journ.  of  Hyg.  xviu 
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SECTION  IV. 


DEMONSTRATION  OF  ANTIBODIES,  OTHER  THAN  AGGLUTININS,  SPECIFIC 
TO  THE  SEROLOGICAL  TYPES  OF  B.  TETANl. 

While  the  previous  Sections  of  this  Report  suggest  that  the  incidence  of 
tetanus  among  inoculated  men  may  to  some  extent  depend  upon  the  type  of 
the  infecting  bacillus,  and  the  serological  relationship  which  it  bears  to  the 
organism  used  for  the  preparation  of  prophylactic  antitoxin,  the  findings 
by  no  means  prove  that  there  is  such  a  relationship.  In  the  foregoing  Sections 
stress  has  been  laid  upon  the  difficulty  of  interpreting  the  results  obtained 
by  making  a  statistical  inquiry  into  the  problem,  and  these  difficulties  are 
again  here  emphasised. 

It  was  necessary  therefore  to  prosecute  experimental  investigation  while 
the  other  phases  of  the  work  were  proceeding. 

A.  The  first  question  ivhich  naturally  arises  is:  "Is  the  toxin  of  one  sero- 
logical Type  of  the  bacillus  more  adequately  neutralised  by  its  own  specific 
antitoxin  than  by  antitoxin  produced  by  inoculation  of  the  product  of  a 
serologically  heterologous  bacillus? " 

The  findings  of  Leuchs  (Zeitschrift  fiir  Hygiene,  1918,  Bd  65,  p.  55)  in 
respect  of  the  toxins  of  different  strains  of  B.  hotulinvs  suggested  that  quanti- 
tative differences,  at  least,  might  exist  between  the  soluble  toxins  of  the 
various  Types  in  relation  to  the  neutralising  value  of  an  antitoxin  corre- 
sponding to  any  one  Type. 

Experiments  were  therefore  made  with  a  view  to  examining  this  point. 
The  results  obtained  showed  definitely : 

(a)  That  no  qualitative  difierence  existed  between  the  toxins  produced 
by  the  bacillus  of  the  different  Types. 

One  antitoxin  neutralised  the  toxin  of  any  Type  or  of  all  Types. 

(b)  That,  if  a  quantitative  difference  exist,  it  is  so  slight,  that  when 
mice  or  rats  are  the  animals  employed  for  making  these  tests,  no  quantitative 
relationship  of  a  specific  nature  can  be  demonstrated. 

B.  The  second  question  which  therefore  arises  is:  "As  the  soluble  toxins 
of  all  Types  of  B.  tetani  are  the  same,  but,  as  the  bacilli  themselves  are  different 
one  from  another  as  antigens,  is  this  antigenic  difference  of  the  bacilli  of  any 
import  in  their  pathogenic  property,  and  is  it  of  special  importance  in  the 
unnatural  conditions  arising  from  universally  applied  serum  prophylaxis?" 

It  seemed  not  improbable,  that  the  value  of  antitoxin  for  prophylactic 
purposes  might  depend  upon  more  than  one  factor : 

(1)  We  know  that  one  factor  is  the  capacity  for  neutralising  the  spastn- 
producing  toxin  of  all  tetanus  bacilli. 

(2)  Hypothetically,  another  factor  that  might  be  considered  is  the 
ca})acity  for  preventing  infection. 
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'J'lio  foiiiKM'  of  ilicsc  fiiciors  \vc  have.  (Icinonst/ratiMl  to  be.  iioii-spcc-ilic  in 
respect  ol  1  he  'I  ypcs  at  least  in  so  far  as  the  experimental  animals  employed 
are  concerned.  The  second  (hypothetical)  factor,  which  has  not  hitherto  been 
iii(|uir(Ml  into  in  a  s\  stciiiatic  way,  may  be  specific.  If  this  be  the  case,  a 
mono-typical  gcnnn  would  protect  most  adecjuately  aj^ainst  infection  with  a 
sorolo^icnlly  /loniolix/ous  or<i;anisiii. 

The  in(|uiiy  therefore  resolved  itself  into  the  investigation  of  the  following 
])r()bleins: 

(a)  Can  antibodies  otiier  than  "agglutinins,"  which  are  specific  to 
the  Types,  and  *'  anti-spasmins"  which  are  not  specific  to  the  Types,  be  evoked 
by  inoculation  of  cultures  of  the  bacilli  or  of  their  products? 

(/;)  If  such  specific  antibodies  can  be  demonstrated,  and  serum  con- 
taining them  be  proved  to  be  of  prophylactic  value,  how  should  we  proceed 
to  prepare  sera  containing  these  antibodies? 

Note.  The  term  "proved  to  be  of  prophylactic  value"  means,  proved  to 
prevent  infection  which  will  cause  death  in  the  unprotected  animal  or  in  the 
animal  inadequately  protected  by  antitoxin. 

(c)  What  relationship  do  the  various  demonstrable  antibodies  bear  to 
one  another? 

(d)  What  is  the  mechanism  of  tetanus  infection  as  opposed  to  tetanus 
(spasm-producing)  intoxication  ? 

To  investigate  these  questions  two  separate  and  distinct  methods  of  inquiry 
were  followed: 

(1)  In  vitro  experiments  were  carried  out  with  various  sera  and 
cultures. 

(2)  Infection  experiments  in  vivo. 

This  Section  of  the  Report  (No.  IV)  deals  only  with  the  in  vitro  experiments. 

{a)    Preparation  of  sera. 

Nine  rabbits  were  immunised  as  follows : 

I  received  a  course  of  immunisation  with  the  filtered  toxin  of  a  two-day 
culture  of  Type  I  bacilli. 

The  toxin  was  stored  for  six  weeks  in  the  ice-chest  before  use,  and  a 
two-day  toxin  was  chosen  so  that  the  least  possible  autolysis  of  the  bacillus 
had  occurred,  and  yet  an  adequate  toxin  was  obtainable. 

II  was  immunised  by  inoculating  intravenously  whole  culture  of  Type  I 
bacilli  grown  for  24  hours. 

III  underwent  a  course  of  immunisation  with  washed  Type  I  bacilli. 

r  corresponded  to  I  but  Type  II  toxin  was  used 


IV 

II 

II    culture  was  used 

III' 

III 

II    tvashed  bacilli  used 

I" 

I 

III  toxin  was  used 

11" 

II 

III  culture  was  used 

III" 

III 

III  washed  bacilli  used. 

9—2 


122  Tetanus 

The  rationale  of  choosiii*'  the  three  methods  of  inimiini«ation  was  that: 
{a)    The  animals  inoculated  with  toxin  would  i)roduce  antibodies  to  the 
tiltrable  antit'ens,  and,  as  stored  toxin  was  used,  only  antibodies  to  those 
antigens  which  were  stable. 

(6)    The  animals  immunised  with  all  the  products  of  a  young  culture 
would  produce  antibodies  to: 

(i)     any  spasm-producing  toxin  that  might  have  developed, 
(ii)     to  the  bacilli  themselves, 

(iii)    to  any  soluble   but   unfiltrable   or  unstable   antigens  which   the 
organism  might  develop  during  its  phase  of  active  growth. 

It  might  be  argued  that  it  is  improbable  that  a  soluble  but  unfiltrable 
antigen  would  be  elaborated  during  the  growth  of  any  organism;  but  if  the 
filtration  experiments  dealing  with  the  products  of  pathogenic  anaerobes  in 
general  be  scrutinised,  one  notes  that  difficulty  has  been  experienced  owing 
to  the  large  amount  of  active  product  that  is  absorbed  in  filtration,  and 
filtrates  deficient  in  toxicity  have  been  obtained. 

Young  cultures  were  designedly  chosen  for  immunising  animals  II,  IF, 
II",  because  it  is  known,  that  certain  of  the  pathogenic  anaerobic  bacilli — 
notably  B.  Welchii — elaborate  tissue-debilitating  poisons  during  their  period 
of  active  growth.  These  poisons  are  evanescent,  and  the  toxicity  of  cultures 
markedly  declines  on  continued  incubation  for  several  days  at  37°  C. 

It  seemed  possible  that  B.  tetani  might  give  rise  to  similar  aggressive  pro- 
ducts that  have  not  so  far  been  demonstrated,  because  they  were  not  sought  for. 
(c)    The  animals  inoculated  with  washed  cultures^should  produce  only 
antibodies  to  the  bacillary  substance. 

These  nine  animals,  after  having  been  under  immunisation  for  approxi- 
mately two  months,  were  bled  by  Durham's  technique  to  the  extent  of 
about  10  c.c.  each  and  a  complete  series  of  observations  was  made  with  the 
sera  so  obtained. 

(6)    Preliminary  investigation  of  sera. 

Firstly,  the  antitoxic  titre  was  roughly  determined. 

Rabbit  No.  I — approximately  12  units  per  c.c. 
IT  9 

III  „  1  unit 

Note.  Animal  No.  Ill,  owing  to  an  accident,  received  a  number  of  inocula- 
tions with  bacilli  that  had  been  washed  in  saline  only  once,  while  No.  IIF 
and  III"  were  immunised  with  bacilli  which  had  been  washed  several  times. 

No.  r  approximately  5  units  per  c.c. 
W  9 

„   Iir  ,,  less  than  0-5  per  c.c. 

,i   V  ,,  12  units  per  c.c. 

IT"  9 

,?   HI'  ,,  less  than  0-5  per  c.c. 
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Secotidhf,  the  <t(j(jlutinin  litre  of  each  ivds  determined,  find  cross  experiments 

irif//  nil  Ihrcc  Ti/pcs  of  harilli  ircrr  carried  out. 

This  Section  of  tlic  work  is  ol"  coiisidcniblc,  im})ortance  for  two  reasons: 
(i)     A  porfcctlv  just  criticism  nii;i;}it  ])e  made  of  n  previous  communica- 
tion on  the  serological  differentiation  of  t(;tanuH  bacilli  inter  se  {Journal  of 
R.A.M.(\,   Dec.    Ml  17),  viz.  that  owing  to  the  low  titre  of  the  serum  then 
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Table  VT. 

Serum  No.  I=Type  I  Toxin 
1/100  1/200  1/400  1/800  1/lGOO  l/:i200 


Serum  No.  II=Type  I  24-hour  Whole  Culture 

4f  -H-  4f  4  + 


Serum  No.  111=  Type  I  Washed  Bacilli 

-H-  +  +  4f  * 


-H- 


-H- 


+ 


+ 


-H- 


+ 


Serum  No.  Ill' =  Type  II  Washed  BaciUi 

+  -H-  +  -H- 


1/G400 


Serum  No.  I' =  Type  II  Toxin 
1/100  1/200  1/400  1/800  1/1600  1/3200         1/6400 


Serum  No.  II' =  Type  II  24-hour  Whole  Culture 


Serum  No.  I"  =  Type  III  Toxin 
1/100  1/200  1/400  1/800  1/1600  1/3200         1/6400 


Serum  No.  11"  =  Type  III  24-hour  Whole  Culture 

41-  -H-  -H-  -H-  -H-  - 

Serum  No.  Ill"  =  Type  III  Washed  Bacilli 


-H- 


-It- 


-H- 


-H- 


-H- 


I  '24  TetnnuH 

employed — 1/400- -the  specific  agglutination  results  therein  figured  might 
give  a  false  impression  concerning  the  complete  specificity  of  the  Types  of 
B.  tetani  from  the  standpoint  of  agglutination.  The  low  titre  of  the  serum  might 
unduly  enhance  the  specificity  of  the  tests. 

(ii)  The  cultures  used  for  inoculating  these  animals  had  been  isolated  a 
year  previously,  and,  since  isolation,  had  been  frequently  sub-cultured — 
sometimes  daily  over  long  periods. 

I  call  attention  to  this,  because  it  had  been  suggested  that  serologically 
different  races  of  the  bacillus  might  be  evolved  as  a  result  of  residence  in 
human  tissue  or  in  close  proximity  thereto. 

Table  VI  illustrates  the  agglutination  reactions  obtained  with  these  sera  in 
presence  of  emulsions  of  the  Type  bacilli. 

The  results  of  this  titration  of  agglutinins  show  that: 

(a)  The  aggluHnin  titre  is  no  index  of  the  antiloxic  value  of  the  serum: 
this  of  course  is  what  would  naturally  be  expected. 

(h)  Even  when  sera  of  high  agglutinin  titre  are  prepared,  the  agglutina- 
tion reactions  remain  specific. 

(c)  The  stock  Type  cultures  have  remained  true  to  Type  for  a  period 
exceeding  12  months. 

{d)  The  agglutinin  response  is  quite  as  marked  when  ivashed  cultures 
are  used  for  immunisation  as  when  ivhole  cultures  are  used  for  this  purpose. 

Thirdly,  the  influence  ivhich  these  various  sera  exhibited  in  stimulating  phago- 
cytosis of  Type  bacilli  tvas  made  the  subject  of  inquiry. 

(c)    Technique  of  phagocytic  tests. 

1.  Washed  white  corpuscles  (human)  were  prepared  exactly  according 
to  the  method  advised  by  Wright;  but  in  place  of  using  a  leucocyte  layer  in 
making  the  tests,  the  deposit  of  whole  blood  obtained  after  the  final  centri- 
fugalisation  was  well  mixed,  and  the  thick  blood  cream  so  obtained  was 
employed. 

2.  Unwashed  actively  growing  24-hour  cultures  served  for  the  bacillary 
suspension.  In  order  to  obtain  a  sufficiently  active  growth,  these  cultures  were 
made  in  trypsinised  broth  standardised  to  be  alkaline  to  «-naphthol-phthalein 
but  acid  to  phenol-phthalein,  and  enriched  by  addition  of  fresh  tissue. 

3.  The  reaction  was  carried  out  at  38°  C.  and  incubation  proceeded  for 
15  mins.  The  mixtures  of  the  various  reagents  were  made  and  incubated  in 
small  agglutination  tubes  instead  of  in  capillary  tubes.  This  permits  of  the 
reagents  being  well  distributed  by  shaking. 

4.  Each  serum  to  be  examined  was  tested  in  a  series  of  dilutions  according 
to  the  method  of  Neufeld,  and  all  the  sera  were  fresh  when  tested. 

5.  Each  mixture  consisted  of: 

1/50  c.c.  culture, 

1/50    ,,    of  serum — usually  diluted, 

2/50    ,,    of  washed  blood  cream. 
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C).  Aftor  iiu'ubaiioii,  lihiis  wv.iv.  uuuW  in  llio  ordinary  way,  fixed  for  two 
minutes  in  a  mixture  of  (mjujiI  parts  of  saturated  a,(|ueous  solution  of  ll^Clg 
and  ahsohitc  alcoliol.  and  were  stained  for  two  minutes  with  I/IO  carbol- 
fuclisin. 

7.  Kxaminalion  of  MKI  consecutive  leucocytes  in  each  prey)aration  was 
then  \u:uU\  I  (Muploved  al  first  a  I/I  2  objective  with  a  No.  ^  ocular  for  making 
the  counts,  but  subsecjuently  found  that,  owin^r  to  the  size  of  the  bacillus, 
this  could  be  doiu'  (juite  satisfactorily  with  1/0  objective  and  a  No.  4^ ocular. 

8.  The  nu^thod  of  Neufeld  was  adopted,  as  jrroup  relationship  between 
the  bacilli  mi«rjit  be  encountered.  Dilution  of  the  serum  would  to  some  extent 
overcome  this  difficulty. 

9.  No  attempt  was  made  to  count  the  number  of  or^ranisms  taken  up  by 
each  leucocyte;  but,  in  order  to  obtain  a  relative  figure,  the  leucocytes 
which  contained  considerable  numbers  of  bacilli  were  regarded  as  positive 
cells,  while  those  containing  no  bacilli,  or  only  one  or  two,  were  considered 
negative. 

Thus,  in  Table  VII  and  subsequent  Tables,  the  figures  given  represent  the 
percentage  of  leucocyte?  in  each  preparation  which  took  up  the  bacilli  with 
avidity.  It  was  remarkable  how  rarely  one  met  with  a  cell  containing  few 
organisms;  the  leucocytes  were  either  filled  with  bacilH  or  contained  none. 
Difficulty  of  interpretation  did  not  therefore  arise. 

{(i)    Results  obtained  in  making  phagocytic  tests. 
The  results  of  these  phagocytosis  experiments  are  shown  in  Table  II. 

Table  VII.     The  figures  relate  to  the  percentage  of  leucocytes  taking  up 

large  numbers  of  bacilli. 

VII.  A. 


Culture  No  serum 


Serum  No.  I  =  Type  I  toxin 
Dilutions  of  serum 


used  control  1/20  1/40  1/80 

Type  I  3  5  6  2 

„     II  0  0  0  0 

„     III  0  0  0  0 

Serum  No.  11  =  Type  I  24-hr.  whole  culture 
Type  I  X  85  92  84 

„     II  X  10  6  1 

„     III  X  77  14  15 

Serum  No.  Ill  =  Type  I  washed  bacilli 
Type  I  X  71  48  33 

„     II  X  0  0  0 

„     III  X  17  9  0 

X  =Not  done. 
Note.    In  this  and  in  subsequent  tables  relating  to  phagocytic  experiments,  the  dilutions 
indicated  at  the  head  of  each  column  give  the  dilution  of  serum  originally  made,  so  that  in  this 
instance,  the  actual  dilutions  in  presence  of  which  the  test  was  carried  out  were  1/80,  1/160,  and 
1/320. 
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VII.  B. 


Serum  No.  I' -Type  II  toxin 

Dilutions  of  Horuin 
Culture  No  serum  ,—  -^  — >» 

usetl  control  1/20  1/40  1/80 

Type  I  10  2  2 

„     II  0  0  0  0 

„     III  0  0  0  0 

Serum  No,  ir=Typt'  II  24-lu-.  whole  culture 
Type  I  X  1  6  :i 

„     II  X  68  67  (54 

„     III  X  0  0  0 

Serum  No.  111'  =  Type  II  washed  bacilli 
Type  1x514 
„     II  X  60  31  37 

„     III  X  0  0  0 

VII.  C. 

Serum  No.  I" -Type  III  toxin 
Dilutions  of  serum 


1/40 

1/80 

2 

1 

0 

0 

0 

0 

Culture  No  serum  ,. 

used  control  1/20 

Type  I  0  0 

„     II  0  0 

„     III  2  2 

Serum  No.  II"  =  Type  III  24-hr.  whole  culture 
Type  I  X  87  89  85 

„     II  X  28  16  5 

„     III  X  99  98  100 

Serum  No.  Ill"  =  Type  III  washed  bacilli 
Type  1x221 
„     II  X  4  1  0 

„     III  X  44  26  4 

Note.  Experiments  VII  A  and  VII  B  were  done  together,  using  the  same  reagents,  so  that 
they  are  strictly  comparable.  My  equipment  did  not  permit  of  the  simultaneous  examination 
of  all  three,  so  that  VII C  was  done  on  the  following  day. 

The  following  points  call  for  comment: 

1.  The  antitoxic  sera  do  not  stimulate  phagocytosis  of  the  bacilli  in 
presence  of  whole  culture.  It  is  to  be  noted,  that  the  observations  made  with 
antitoxic  sera  serve  as  controls  for  the  experiments  with  anti-hacterial  sera. 

2.  The  most  active  sera  for  stimulating  phagocytosis  are  those  prepared 
by  inoculation  of  ivhole  culture. 

3.  The  sera  prepared  by  inoculating  ivashed  bacilli,  while  giving  an 
agglutinin  titre  as  high  as  those  prepared  by  inoculating  whole  culture,  do 
not  exhibit  so  high  a  phagocytic  titre. 

4.  As  regards  the  question  of  specificity,  sera  Nos.  Ill,  III',  III" 
(i.e.  antisera  to  washed  bacilli)  exhibit  this  markedly  in  the  above  experiments, 
as  also  does  No.  IF  (i.e.  an  antiserum  to  whole  culture  of  Type  II  bacilli), 


Cultures 
used 

No 

scrum 
)ntrol 

1/50 

Type  I 

0 

89 

„     III 

0 

5 
Serum  IS 

Type  I 

X 

37 

„     III 

X 

98 

CI 

Type  I 

X 

Seru 
24 

,,     III 

X 

1 
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whereas  Nos,   TT   and   TI".   also  (ni/itr/to/c  ciilhiic.  sera   to  Typos  T  and   II[ 
respect  i\'('l\\  do  not . 

Xt)/c.    Animal  iNo.   M'  had  Ikmmi  undci'  inininnisat  ion  for  a  shorter  period 
•  than  II  and  II". 

In  view  of  the  (Mpiivocal  rcsnlt  obtained  with  seia  Nos.  11  and  11",  the 
twperiinent  was  icjx'ated  on  the  foll()win«i,  <la.y,  hut  the  dilutions  of  the  sera 
were  eariied  much  furt  her. 

Serum  No.  Ill,  owiii<r  to  its  having  a  demonstrable  antitoxic  content, 
I  unit  per  c.c,  was  also  included  in  this  test,  the  results  of  which  are  sfiown 
in  Table  VI  fl. 

Table  VIII. 
Serum  No.  11=  Type  I  24-hr.  vvliolc  culture 

Dilutions  of  serum 
-A _^ 

1/100  1/200  1/400  1/800 

03  50  4  0 

2  0  0  0 

Serum  No.  11"  =  Type  III  24-hr.  whole  culture 

13  4  0  0 
78                 36                   0  0 

Serum  No.  111  =  Type  I  washed  bacilli 

14  2  0  0 
'0000 

Note.  These  experiments  have  been  repeated  many  times  and  have  given 
consistently  specific  results  on  each  occasion.  The  experiment  quoted  (Table 
VII  A  and  C)  was  that  one  of  the  series,  which  was  most  difficult  to  interpret. 

I  wish  to  call  attention  also  to  the  discrepancy  between  the  actual  figures 
noted  in  Table  VII,  and  those  in  Table  VIII,  in  respect  of  the  sera  under  ex- 
amination; this  appears  to  depend  upon  a  variability  of  the  anti-phagocytic 
properties  of  the  cultures,  or  upon  a  variability  of  the  phagocytic  activity  of 
the  white  cells  from  day  to  day,  and  renders  futile  any  attempt  that  might 
be  made  to  express  these  results  in  the  form  of  an  index  of  phagocytosis, 
unless  a  standard  serum  were  made  the  basis  of  that  index. 

In  order  definitely  to  confirm  the  most  important  of  the  findings  obtained 
in  this  series  of  investigations,  viz.  that  antitoxic  serum  did  not  promote 
phagocytosis  as  did  anti-bacterial  serum,  the  experiment  shown  in  Table  IX 
was  carried  out. 

Table  IX. 

Serum  No.  I  =  Type  I  antitoxic 
.1/1  1/10  1/20 

Type  I  24  0  0 

Serum  No.  II  =  Type  1  24-hr.  whole  culture 
Type  I  79  82  84 

Serum  No.  I"  =  Type  III  antitoxic 
Type  III  34  0  2 

Serum  No.  II" -Type  III  24-hr.  whole  culture 
Type  III  70  90  9(; 
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Normal  seniiii  controls  1/1  were  included  in  the  series,  and  gave  substanti- 
ally the  same  resnlts  as  those  obtained  with  1/1  antitoxic  serum. 

In  making;  this  experiment,  the  techni(|ue  already  described  was  followed, 
but,  to  ensure  that  the  employment  of  a  1/0  objective  did  not  lead  to  avcjidable  • 
error,  the  examination  of  the  slides  was  made  with  a  1/12  semi-a})ochromatic 
lens  with  a  No.  4  ocular,  and  care  was  taken  critically  to  illuminate  the 
preparation  so  that  oi)timum  conditions  for  microscopical  examination  were 
realised. 

Fourthly,  the  apparent  anti-phagocytic  property  of  whole  culture  was  made  the 
subject  of  investigation,  and  an  attempt  ivas  made  to  determine  whether  toxin, 
as  ordinarily  prepared  and  stored,  was  also  anti-phagocytic. 

(e)    Anti-phagocytic  property  of  whole  culture. 

Mechanism  of  the  "anti-phagocytic  property"  of  whole  culture. 

The  results  ([ noted  in  the  previous  Sub-section  of  this  Report,  suggest  that 
the  phagocytic  activity  of  leucocytes  in  presence  of  anti-serum  to  rvhole 
culture  may  depend  upon  one  or  other  of  two  things. 

(i)  That  the  serum  prepared  by  inoculation  of  whole  culture  contains 
an  antibody  to  an  hypothetical  aggressive  antigen  not  present  in  washed 
cultures,  and  if  present  in  filtrates,  only  in  small  quantity,  or 

(ii)  That  the  hacillary  substance,  per  se,  is  the  antigen  that  deter- 
mines the  development  of  the  property  of  stimulating  phagocytosis  in  anti- 
bacterial sera. 

It  is  not  improbable  that  both  factors,  (i)  and  (ii),  may  be  represented  in 
the  mechanism.  By  comparing  Serum  II  with  Serum  III,  IF  with  III', 
and  II"  with  III",  it  is  seen,  that  while  the  anti-ivhole  culture  sera  are  the 
more  active  in  the  presence  of  whole  culture,  yet  the  anti-ivashed  bacilli  sera 
are  not  altogether  devoid  of  the  power  of  inducing  phagocytosis. 

For  the  present  then,  leaving  out  the  consideration  of  the  question  as  to 
whether  these  antibodies  which  lead  to  the  phagocytosis  of  tetanus  bacilli  are 
"stimuUns,"  in  the  sense  impUed  by  Leishman,  or  "opsonins,"  in  the  sense 
implied  by  Wright,  the  point  at  issue  was  to  determine  if: 

(a)  ivhole  young  culture  exhibited  aggressive  qualities  not  present  in 
toxin  obtained  by  filtration, 

(b)  these  aggressive  properties  were  specific  to  the  serological  Types  of 
the  bacilli,  and  could  be  countered  by  anti-bacterial  serum  prepared  by 
inoculating  ivhole  culture. 

The  experiments  quoted  (Tables  VII,  VIII  and  IX,  pp.  125-127)  dispose 
of  the  question  as  to  whether  these  aggressive  properties  can  be  neutralised 
by  anti-bacterial  {ivhole  culture)  serum.  ^ 

To  determine  whether  young  whole  culture  did  exhibit  definite  aggressive 
qualities,  and  at  the  same  time  to  determine  whether  these  were  or  were  not 
specific  to  the  serological  Types,  the  following  experiment  was  set  up. 
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Tcc/niif/'ne. 

Two  ('(Mil  I'll  iii;('  tubes  of  ;i  iM-lioiir  culliiic  of  Type  i  bacilli  and  two 
siinilai'  tubes  of  a  21-li()ur  cull  lire  of  'l'\'|)c  III  ])acilli  were  centrifujijed  at 
hiiih  speed,  ill  order  to  se])a.?'ate  the  bacilli  from  the  ))rodiicts  of  their  f^rowth. 
^riie  su|)ernat;mt  fluid  from  each  tube  was  drawn  ofT  and  kept  .separate.  This 
procedure  ixiiw  two  lubes  c()ntainin<i;  a  deposit  of  Ty\H',  T  })aci]li  -tubes  A 
and  1^)  and  two  tubes  containing  a  deposit  of  Type  III  bacilli—  tubes  (J  and 
1)  and  four  tubes  of  supernatant  fluid  correspondin*^  to  these- -naTnely  A' 
and  B'.  containin<i;  Type  I  su])ernatant  fluids,  and  C  and  J)',  containinf^ 
Type  111  suj)ernatant  fluid. 

The  deposit  in  each  of  the  four  tubes  was  well  shaken  with  saline  and 
centrifu<2;cd.  This  procedure  was  repeated  twice;  after  which  the  saline  was 
finally  diawn  off  with  a  pipette. 

(1)  To  the  deposit  of  washed  Type  T  bacilli  in  A  was  added  the  super- 
natant fluid  from  a  Type  I  culture — A'. 

(2)  To  the  deposit  of  washed  Type  I  bacilli  in  B  was  added  the  su])er- 
natant  fluid  from  a  Type  III  culture— D'. 

(3)  To  the  deposit  of  washed  Type  III  bacilli  in  C  was  added  the  super- 
natant fluid  from  a  Type  III  culture — C 

(4)  To  the  deposit  of  washed  Type  III  bacilli  in  D  was  added  the  super- 
natant fluid  from  a  Type  I  culture — B'. 

These  four  suspensions  of  bacilli  were  then  exposed  to  washed  white  cells 
in  presence  of  dilutions  of  Type  I  and  Type  III  anti-bacterial  sera.  The  results 
shown  in  Table  X  were  obtained. 

Table  X. 

Serum  No.  II  =  Type  I  24-hr.  whole  culture 

1/100  1/200 

(a)    Type  I  whole  culture  ...         ...         ...         ...  75  46 

(6)    Type  I  bacilli  +  growth  products  of  Type  III        ...  72  14 

Serum  No.  11"  =  Type  III  24-hr.  whole  culture 

(c)  Type  I  whole  culture  ...  ...  ...  ...  11  4 

(d)  Type  I  bacilh  +  growth  products  of  Type  III        ...  30  8 

Serum  No.  11  =  Type  I  24-hr.  whole  culture 

(e)  Tjrpe  III  whole  culture  ...  ...          ...          ...  6  7 

(/)    Type  III  bacilli  +  growth  products  of  Type  I        ...  31  18 

Serum  No.  IT"  =  Type  III  24-hr.  whole  culture 

ig)    Type  III  whole  culture  80  67 

(h)    Type  III  bacilli -f  growth  products  of  Type  I         ...  80  38 

Note.  The  ordinary  technique  was  followed  in  the  above  experiment,  but  the  observations 
were  made  with  a  1/12  objective  and  a  No.  4  ocular,  in  order  to  exclude  technical  error  as  far 
as  possible  In  making  the  count,  only  those  leucocytes  containing  no  organisms  were  considered 
negative.  This  procedure  had  to  be  adopted  in  the  present  instance,  as  it  was  difficult  to  be 
sure  thai  centrifugalisation  had  removed  all  the  bacilli  from  the  supernatant  fluid. 
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Control  experiments  in  which  the  supernatant  fluids  ah>ne  were  exposed 
to  the  action  of  the  homoloyous  serum  in  presence  of  leucocytes  showed  that: 

{(i)  When  Ty[)e  I  supernatant  fluid  +  Type  I  serum  1/100  +  blood 
were  incubated,  12  leucocytes  were  found  to  have  taken  up  or<ianisms. 

(b)  When  Type  111  supernatant  fluid  -f  Type  111  1/100  serum  f  blood 
were  incubated,  five  leucocytes  were  found  to  contain  organisms. 

The  real  cause  of  the  low  counts  obtained  was,  that  there  were  so  few 
bacilli  present  that  many  of  the  white  cells  never  came  into  contact  with 
bacilli,  and  the  error  therefore,  due  to  the  presence  in  these  fluids  of  organisms 
that  had  not  been  deposited  by  centrifugalisation,  was  not  very  great. 

Indeed,  the  error  w^as  more  apparent  than  real,  for  there  were  so  few  bacilli 
present  in  these  supernatant  fluids  that  white  cells  containing  more  than 
tw^o  rods  were  seldom  met  with  in  the  controls;  wdiile,  in  the  above  Table, 
the  majoritv  of  the  leucocytes  considered  as  positive  contained  at  least  four 
or  five  bacilli. 

In  Table  X  the  following  points  call  for  comment. 

(i)  When  bacilli,  supernatant  fluid  and  serum  are  all  homologous, 
consistently  high  counts  are  obtained  with  both  dilutions  of  the  serum — 
(a)  and  (g). 

(ii)  When  bacilli  and  supernatant  fluids  are  both  heterologous  to  the 
serum,  consistently  low  counts  are  registered  with  both  dilutions — (c)  and  {e). 

(iii)  Where  the  baciUi  are  homologous  to  the  serum  and  the  growth 
products  are  heterologous  thereto,  a  high  count  is  obtained  in  presence  of  the 
higher  concentration  of  the  serum;  but — as  compared  with  the  control,  where 
homologues  only  are  present  in  the  mixtures — the  lower  concentration  of  the 
serum  shows  a  relatively  low  phagocytosis — (b)  and  (h). 

(iv)  When  the  bacilli  are  heterologous  to  the  serum  and  the  growth  pro- 
ducts homologous  to  it,  a  relatively  high  count — as  compared  w^ith  the  control 
in  which  both  bacilli  and  growth  products  are  heterologous — is  obtained  with 
the  higher  concentration  of  the  serum — (d)  and  (/). 

(v)  The  results  obtained  with  whole  cultures  confirm  that  the  reactions 
are  specific  to  the  Types. 

From  these  observations  the  following  deductions  seem  permissible. 

(a)  That  the  reaction  to  inoculation  of  bacillary  substance  alone,  results 
in  the  development  of  antibodies  which  are  specific  to  each  Type  and  induce 
phagocytosis. 

(b)  From  (iii)  it  may  be  deduced  that  while  aggressive  substances 
appear  to  exist  in  young  cultures,  these  can,  to  a  considerable  extent,  be 
neutralised  by  an  heterologous  anti-bacterial  serum ;  it  is  only  when  the  hetero- 
logous seruyn  is  diluted,  that  the  specific  aggressive  quality  becomes  manifest. 

(c)  From  (iv)  the  same  deduction  may  be  made.  For  it  is  seen  that 
leucocytes,  even  when  brought  into  contact  with  bacilli  which  are  not 
homologous  to  the  serum  present  in  the  mixture,  show  considerable  phagocytic 
activity,  provided  that  the  bacterial  products  in  which  the  bacilli  are  sus- 


W.  J.   TlJLLOCII  181 

piMidcd  (trc  //(niiolof/ous  to  1  lie  sciiiiii.  This  activity  is  iiat.urally  most  niiiikcd 
in  ])icson('('  of  the  higher  concciil  rat  ions  of  soruin,  and  appears  to  be  specific 
in  respect  of  tlic  |)rodii('ts  of  tlie  various  ser()l()«>;ical  Types. 

I  do  not  wish  to  hiy  ovei'  much  stress  on  this  Section  of  the  work  knowing 
well  the  errors,  hot  h  technical  and  sul>jective,  that  are  liable  to  be  introduced  in 
such  experiments. 

The  tests  have  l)een  repeated  and  consistent  results  have  been  obtained 
so  far  as  the  method  allows.  Nevertheless,  the  evidence  is  by  no  means  un- 
e(iuivocal.  I  submit,  however,  that  it  is  highly  sug<^estive,  and  indicates  that 
thisre  are  at  least  three  antigenic  factors  in  cultures  of  B.  lelani. 

(i)    The  spasm-producing  toxin,  which  is  filtrable,  and  is  non-specific  in 
relation  to  the  Types. 

(ii)    The  hacillary  substance,  which  is  definitely  s})ecific  to  these  Types. 

(iii)  A  third  antigen,  which  has  anti-phagocytic  properties,  and  appears 
to  be  specific  to  the  Types. 

These  findings  corroborate  those  which  were  obtained  when  comparative 
tests  were  made  with  antitoxic,  anti-whole-culture  and  anti- washed- bacilli  sera; 
indeed,  the  deductions  which  may  be  made  from  the  one  series  of  experiments 
are  in  complete  agreement  with  those  that  may  be  made  from  the  other. 

Finally,  the  question  of  whether  toxin,  as  ordinarily  prepared  by  filtration^ 
exhibits  anti-phagocytic  properties,  was  made  the  subject  of  investigation. 

(/)    Examination  of  toxin  to  determine  whether  it  is  leucotoxic. 

In  inquiring  into  whether  tetanus  toxin  was  leucotoxic,  I  made  use  of 
two  methods  of  investigation. 

The  first  series  of  tests  was  carried  out  thus : 

Phagocytic  tests  were  made  with  serum  No.  Ill",  which  was  prepared  by 
inoculation  of  washed  Type  III  bacilli — agglutinin  titre  1/3200,  antitoxic 
value  <  0*5  unit  per  c.c,  phagocytic  titre  low.  The  serum  was  diluted  and 
exposed  to  various  mixtures  of  reagents  prepared  thus : 

Five  tubes  of  a  24-hour  culture  of  Type  III  bacilli  were  centrifugalised, 
and  the  deposit  in  each  was  retained.  This  deposit  was  washed  by  adding 
saline  and  again  centrifugalised,  the  process  being  repeated  twice.  The 
supernatant  saline,  after  the  final  centrifugalisation,  was  pipetted  off  so 
that  a  deposit  of  washed  Type  III  bacilli  was  obtained  in  each  of  the  five 
tubes — a,  b,  c,  d  and  e. 

(1)  To  deposit  in  (a)  saline  was  added  to  the  original  volume. 

(2)  To  deposit  in  {b)  was  added  supernatant  fluid  obtained  by  centri- 
fuging  a  48-hour  culture  of  Type  III  bacilli. 

(3)  To  deposit  in  (c)  was  added  the  supernatant  fluid 'from  a  lO-day 
culture  of  Type  III  bacilli. 

(4)  To  deposit  in  (d)  was  added  the  toxin  obtained  by  filtration  of  a 
48-hour  culture  of  Ty})e  III  bacilli.  This  toxin  had  been  stored  in  the  ice- 
chest  for  three  months  before  the  test  was  made. 
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(5)  To  deposit  in  {e)  was  added  the  toxin  obtained  by  filtration  of 
a  lU-day  culture  of  Type  \\\  bacilli  })repared  six  months  before  the  test  was 
made. 

Phagocytic  tests  were  then  set  up  using  each  of  these  suspensions  as  the 
bacillary  emulsions  to  be  phagocytosed.  The  results  shown  in  Table  XI  were 
obtained. 

Table  XI. 

Serum  No.  Iir'=Type  III  washed  bacilli 

1/20 

Washed  bacilli  Type  111  +  saline ...          ...          ...          ...          ...  40 

„                     „         +  supernatant  ttuid  of    2-day  culture  10 

>»                         »>          "I               >>                    >>          'o             ,,  o 

„                     „         +  toxin  from                     2           ,,  12 

+      „        „                     10           „  39 

These  results  show,  that  both  the  supernatant  fluid  and  the  toxin  from 
the  2-day  culture  which  was  used,  are  definitely  anti-phagocytic ;  w^hile  the 
toxin  from  the  lO-day  culture  which  was  included  in  the  test  is  not  so. 

It  is  to  be  noted  that  the  2-day  toxin  was  not  more  lethal  for  mice  than 
was  the  10-day  toxin. 

With  reference  to  the  loss  of  anti-phagocytic  potency  in  the  case  of  the 
10-day  toxin,  it  is  probable,  that  the  prolonged  storage  rather  than  the  pro- 
longed incubation  or  the  filtration,  has  been  responsible  for  the  decline;  for, 
in  respect  of  its  anti-phagocytic  power,  it  compares  unfavourably  both  with 
the  2-day  toxin  and  with  the  10-day  supernatant  fluid. 

As  the  phagocytic  potency  of  Serum  III" — anti-washed-hacillary — was 
known  to  be  low,  the  experiment  was  repeated,  using  Serum  No.  11" — anti- 
whole-culture — the  phagocytic  potency  of  which  was  known  to  be  high,  and 
which  also  exhibited  a  demonstrable  antitoxic  titre.  Using  this  serum  the 
follow^ing  results  were  obtained. 

Table  XII. 

Serum  No.  11"  =  Type  III  24-hr.  whole  culture 

Washed  bacilli  Type  III  +  saline 

„  ,,        -J- supernatant  fluid  of    2-day  culture 

„  ,,        -i- toxin  from    2-day  culture  ... 

„        •  »        +  >»  10  „ 

The  results  shown  in  Tables  XI  and  XII  call  for  the  following  comments. 
(a)  The  figures  in  Table  XI  leave  no  room  for  doubt  that  both  super- 
natant fluids  resulting  from  centrifugalisation  of  cultures  of  B.  tetani,  and 
certain  toxins  obtained  by  filtration,  are  anti-phagocytic.  The  questions  of 
whether  filtration  reduces  this  leucotoxic  factor,  whether  it  stands  storage, 
and  at  what  period  of  growth  it  is  present  in  largest  quantity,  or  in  most 
active  condition,  are  not  answered  by  the  experiment  quoted.  In  this  instance 
— Table  XI — it  is  possible,  that  owing  to  the  low  phagocytic  potency  of  the 
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sennn,  and  tlic  ahscncc  of  aniitoxic  |»()\v(m-,  ;i  trace  of  the  anti-phagocytic 
property  in  tlic  lluids  miulit  siiflicc  lo  ohiitciato  pliaj^ocytosis.  The  conditions 
of  the  experiment  flicn  do  not  permit  of  (|uantitative  results  being  obtained 
exco|)t  iindei-  excej)honal  circumHtances,  c.q.  with  Ifie  lO-day  to^in  after 
prolonjjjed  st()ra|i;(\ 

(h)  The  results  sliown  in  Tabk^  Xll,  beyond  demonstrating^  that  the 
anti-pliagocvtic  activity  both  of  (oxin  and  of  fhiid  obtained  [)y  ccntrifuj^alisa- 
tion  are  neutraUsed  by  anii-whole-culture  serum,  fail  to  answer  the  questions 
raised. 

In  the  second  series  of  experiments  an  attempt  was  made  to  solve  certain 
of  these  problems,  by  making  indirect  experiments,  in  which  an  indifferent 
substance  was  em})loyed  as  the   body  to   be  taken   up  by  the  phagocytes. 

It  is  to  be  noted,  that  the  results  set  forth  in  Tables  XIII  and  XIV  are 
given  with  every  reservation,  for  subsequent  inquiry  may  lead  either  to  very 
different  results  being  obtained,  or  very  different  interpretations  of  the  facts 
being  made;  for  the  technical  difficulties,  both  subjective  and  objective,  that 
have  to  be  overcome,  are  such,  that  a  series  of  crucial  experiments  cannot  be 
carried  out. 

Technique. 

The  first  technical  difficulty  that  arose  was  the  determination  of  a  suitable 
indifferent  substance  for  phagocytosis.  After  many  trials  had  been  made, 
I  ultimately  decided  to  use  a  boiled  culture  of  Staphylococcus  alhus  for  this 
purpose.  The  staphylococci,  after  boiling,  were  readily  taken  up  by  the 
leucocytes  in  presence  of  fresh  normal  rabbit  serum. 

Mixtures  consisting  of  1/50  c.c.  of  staphylococcus  suspension,  1/50  c.c.  of  the 
serum  under  examination,  1/50  c.c.  of  the  toxin  to  be  investigated  and  3/50  c.c. 
of  blood  suspension  were  prepared  in  the  same  way  as  for  previous  experi- 
ments. These  were  incubated  for  15  minutes,  and  preparations  made  and 
examined  as  before.  In  examining  the  slides  a  combination  of  1/12  objective 
and  No.  4  ocular  was  used  throughout  the  series.  The  results  shown  in  Table 
XIII  were  obtained. 

Table  XIII. 

Dilution  of  serum  =  1/2,  i.e.  1/12  of  the  final  mixtures. 

Figures  express  percentage  of  leucocytes  taking  up  many  staphylococci. 


Serum  diluted  1/2 

Toxin  (undiluted) 

1/50  c.c. 

Staphylo. 
1/50  c.c. 

Blood 
3/50  c.c. 

Normal 

serum 

1/50  c.c. 

Type  I J 

antitoxin 

1/50  c.c. 

No  toxin — saline  only 

... 

... 

... 

09       „ 

X               ;> 

Toxin  from    2-day  growth  Type  II 

7       „ 

40        „ 

10          „                „     II 

42       „ 

72        „ 

2          „                „      III 

31       „ 

47        „ 

10          „               „      III 

08       „ 

72 
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Tlie  figures  indicate  that  antitoxic  serum  does  lu'utialise  tlie  unti-phayo- 
cjftic  [)i()pertv  of  toxin.  It  may  here  be  noted  a<^ain,  that  the  toxin  from  the 
2-day  culture  is  more  anti-phagocytic  than  the  toxin  from  the  lO-day  culture. 
As  to  whether  the  reaction  is  or  is  not  specific  in  relation  to  the  Types,  the 
results  obtained  are  equivocal;  for  the  anti-phagocytic  power  of  both  the 
Type  III  toxins  used  in  the  test  appears  to  be  less  than  that  of  the  Type  II 
toxins. 

The  converse  experiment  was  therefore  carried  out  using  a  1/5  dilution 
of  Type  III  antitoxic  ^QYwm.  and  the  results  shown  in  Table  XIV  were  obtained. 

Table  XIV. 

Dilution  of  serum  =  1/5,  i.e.  1/30  of  final  mixtures. 
Figures  express  percentage  of  leucocytes  taking  up  many  staphylococci. 

JSerum  diluted  1/5 


Toxin  (undiluted) 

1/50  c.c. 

Staphylo. 
1/50  c.c. 

Blood 
3/50  c.c. 

Normal 

serum 

1/50  c.c. 

Type  111 

antitoxin 

1/50  c.c. 

No  toxin — saline  only 

... 

8G       „ 

X           >> 

Toxin  from    2-day  growth  Type 

III 

>> 

,, 

10       „ 

63 

10 

Til 

»> 

»> 

41       „ 

83 

11 

>» 

>» 

22 

34 

>>           '''          ?>                >> 

II 

>> 

,, 

38       „ 

83 

Note.    Experiments  XIII  and  XIV  were  done  on  different  days  so  that  they  are  not  strictly 
comparable. 

Here  again  the  anti-phagocytic  property  of  toxin  is  apparent,  and  again, 
the  toxin  of  the  2-day  growth  exhibits  greater  anti-phagocytic  power  than 
does  that  of  the  10-day  growth.  Specificity  appears  to  be  fairly  definite  in 
this  instance,  at  least  so  far  as  the  toxin  from  2-day  growth  is  concerned. 
Thus,  in  the  case  of  the  homologous  mixture,  the  number  of  active  leucocytes  is 
63,  as  contrasted  with  10  in  the  normal  serum  control.  While,  in  the  case  of 
the  heterologous  mixture,  it  is  34  as  compared  with  22  for  the  corresponding 
control. 

The  results  of  these  experiments  are  quite  definite  in  respect  of  the 
following  points. 

(i)     Toxin  is  anti-phagocytic. 

(ii)  The  anti-phagocytic  property  of  toxin  can  be  neutralised  by  anti- 
toxin. 

(iii)  If  a  specific  relationship  between  toxin  and  antitoxin  exist  in  this 
connection,  the  relationship  is  quant  if  at  ive — the  experiments  quoted  suggest 
such  relationship. 

In  view  of  the  variability  of  the  anti-phagocytic  power  of  the  cultures  and 
their  products,  a  crucial  experiment  is  difficult  to  perform.  Although  certain 
of  the  results  then  do  suggest  such  a  specific  relationship,  they  fail  to  demon- 
strate that  relationship  unequivocally. 
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in5srMi':  of  skction  iv. 

(I)  AnliliKvir  sent  do  no!  st iiiiiilnic  plui^^ocytoHis  of  tc^tanus  bacilli. 

(II)  Anfi-hacfcridl  sent,  prepared  by  inoculation  of  whole culinre,  markedly 
stinudate  ])lia|'(H'yt()sis;  and  t\n\  relationship  between  serum  and  organism 
is  sped  lie  to  the  serolo^iical  Ty])es. 

(II!)  Alth()u<jjh  (fnli-haclcrial  sera,  prepared  by  inoculation  of  washed 
cultures,  arc  active  from  the  standpoint  of  a<^^luti nation,  they  are  not  so 
active  in  stimulating  phagocytosis  as  are  sera  obtained  by  inoculation  of 
whole  cullure.  ^ 

(IV)  The  agglutinin  titre,  the  antitoxic  titre,  and  the  phagocytic  titre 
of  the  sera,  are  independent  one  of  another. 

(V)  Tetanus  toxin  is  apparently  leucotoxic,  but  all  specimens  of  toxin 
are  not  equally  leucotoxic. 

(VI)  This  leucotoxic  factor  can  be  neutralised  by  antitoxin;  and  the 
experiments  quoted  suggest  that  the  neutralisation,  by  antitoxin,  of  this 
leucotoxic  factor  in  toxin  is  specific  in  relation  to  the  bacillary  Types. 


SECTION  V. 
INVESTIGATION  OF  MECHANISM  OF  INFECTION  IN  TETANUS. 

INTRODUCTION. 

Section  IV  (pp.  120-135)  of  this  Report  shows  definitely,  that,  apart  from 
agglutinins,  antibodies  specific  to  the  serological  Types  of  B.  tetani  can  be 
evoked  by  injecting  whole  cultures  of  that  organism  into  animals.  These 
findings  are  of  considerable  significance,  but,  unless  it  can  be  demonstrated 
in  vivo,  that  anti-bacterial  immunity  plays  some  part  in  the  prevention  or 
cure  of  tetanus,  their  interest  is  largely  academic. 

In  the  first  place,  it  must  be  clearly  understood,  that  tetanus  is  due 
to  the  growth  of  B.  tetani  within,  or  in  close  proximity  to,  the  tissues; 
and,  that  intoxication  results  only  when  sufficient  growth  of  the  organism 
has  occurred.  This  emphasis  of  a  palpable  platitude  is  necessary,  for,  in 
the  past,  the  attention  of  investigators  has  been  so  directed  to  the 
mechanism  of  intoxication  in  tetanus,  that  the  conditions,  which  in  nature 
must  necessarily  precede  that  intoxication,  have  been  largely  overlooked. 

In  this  Section  of  the  Report  it  is  proposed  to  inquire  into  the  mechanism 
of  Tetanus  infection,  and  to  determine,  if  possible,  whether  the  prophylaxis 
of  the  disease  could  be  improved  in  any  direction.  This  really  involves  the 
consideration  of 

(i)     Surgical  measures. 

(ii)    Concomitant  infections,  and  how  to  deal  with  them. 

(iii)    The  possible  value  of  anti-bacterial  sera. 

Jouin.  of  Hyg.  xviii  '■^ 
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Before  the.se  problems  could  be  examined,  much  ])ieliminary  work  had 
to  be  done  in  order  to  ehiborate  a  satisfactory  technitjue  for  infectin<^  the 
animals  which  woukl  be  used  in  the  investigation.  This  presents  consider- 
abk^  difficulty,  for  infection  with  B.  tetani,  and  indeed,  infection  with  any 
of  the  patho«i^enic  anaerobes,  is,  at  least  in  the  early  statue,  saprophytic 
rather  than  parasitic  in  ([uality.  Thus,  it  has  long  been  known  that  in- 
oculation of  ivashed  and  heated  tetanus  spores  does  not  frequently  lead 
to  the  development  of  the  disease,  and  it  is  only  when  a  certain  amount  of 
tissue  destruction  has  occurred  that  infection  will  "take."  The  same  is  true 
of  infection  with  Vif/rion  septique;  Besson  has  shown  that  spores  of  this 
organism  may  be  injected  into  animals  with  no  ill-effect;  if,  however,  these 
spores  be  suspended  in  a  fluid  which  has  leucotoxic  properties,  infection 
invariably  occurs.  Emulsions  of  B.  Welchii  deprived  of  their  growth  products 
have  also  been  injected  without  leading  to  infection,  but  when  injections  of 
the  emulsions  together  with  their  growth  products  are  made  "trauma" — 
really  due  to  presence  of  toxin — occurs,  leading  to  the  development  of  the 
organism. 

These  considerations  have  a  direct  bearing  upon  the  causation  of  tetanus; 
for,  concomitant  infection  with  any  pathogenic  organism,  by  exerting  a  tissue- 
debilitating  influence,  may  permit  of  the  development  of  B.  tetani.  In  natural 
infection  of  wounds  with  anaerobes,  one  cannot  consider  one  infection  alone, 
as  every  organism  in  the  flora  of  the  wound  may  exert  an  influence,  stimulant 
or  deterrent,  upon  the  development  of  any  one  type  of  organism  present. 
Wounds  probably  pass  through  a  cycle  of  infections;  certain  aerobes  and 
then  certain  of  the  more  rapidly  growing  anaerobes  appear  in  the  first  phases, 
to  be  followed  subsecjuently  by  the  more  slowly  developing  bacteria  including 
B.  tetani.  It  must  not  be  assumed,  however,  that  all  wounds  will  pass  through 
the  same  cycle;  for  it  will  depend  partly  upon  the  relative  numbers  of  the 
various  organisms  present  in  the  infecting  material,  and  partly  upon  peculiarities 
of  the  species  or  individual  exposed  to  infection,  which  of  the  organisms  present 
in  the  inoculum  will  develop  first,  and  what  sequence  they  will  thereafter 
follow. 

In  the  causation  of  tetanus  the  primary  necessary  factor  is  a  certain  degree 
of  tissue  destruction.  In  the  nidus  so  formed,  organisms  grow,  and  among 
the  earliest  usually  to  appear  are  certain  of  the  bacilli  responsible  for  the 
causation  of  gas  gangrene. 

These  organisms  grow  rapidly — especially  B.  Welchii — developing  growth 
products  which  exert  a  necrotic  action  upon  the  tissues.  This  permits  of 
the  further  growth  of  B.  tetani  and  of  other  bacteria  of  specific  infections. 
A  vicious  cycle  is  thus  established,  and  the  fact  must  not  be  lost  sight  of,  that 
before  even  these  adjuvant  infections  occur,  it  is  essential  that  there  should 
be  tissue  debility  caused  by  direct  trauma  to  the  part,  or  trauma  to  important 
structures  in  relation  thereto. 

Therefore,  the  most  important  prophylactic  measure  which  can  be  applied 
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lor  llic  liitiihil  ion  ol  ;iii;i(''i'ol)ic  infect  ions  is,  (K/cf/Kf/lc  (uul  enlif/hlened  surffical 
nilcrfcrcticc,  pciloiincd  ;il  (lie  cjirlicsl  possible  moment  after  roco.ptioii  of  the 
injiirw  'riierefoic  wide  icseclion  of  wounds,  ])y  i-emovin;;  devitalised  tissue, 
j)r(>\'enls  (li(»  establisliment  of  lliis  \icious  eii'cle. 

This  (pi(\s(ion,  which  is  of  |)aianioiint  importance  i?i  the  experimental 
work  dealt  with  in  this  Section  of  the  |)resent  co!nmunication,  is  more  fully 
cn]isi(l(Med  in  ScH'tion  \'l,  pp.  172-195. 

Tiiese  considei-at ions  piompted  the  followin;^;  (|U(\stions. 

{a)     DOlvS  b.  TETANI,  IN  ADDITION  TO  KLAI^ORATING  A  SPASxM-PK(JDUCING 
.SUBSTANCK,  ALSO  CIVK   RISE  TO  A  TISSUE   DEBILITATING  POISON? 

Section  No.  J  V  of  this  Report  indicates  that  B.  tetani  gives  rise  to  tissue- 
debilitatinji"  poisons,  for  the  products  of  its  growth  are  definitely  leucotoxic. 
In  order  fuither  to  inquire  into  this  problem  the  following  in  vivo  experiment 
was  carried  out. 

The  M.L.D.  for  rats,  of  a  tetanus  toxin  obtained  from  a  10-day  growth  of 
bacilli — stored  for  three  months  in  the  ice-chest  before  use — was  first  deter- 
mined. The  fraction  of  the  M.L.D.  which  would  invariably  give  rise  to  local 
tetanus  but  would  not  cause  death  was  next  determined.  Mixtures  of  this 
quantity  of  toxin  with  2000  million  washed  but  unheated  tetanus  bacilli 
(obtained  by  successive  centrifugalisation  of  rapidly  growing  cultures  sus- 
pended in  saline)  were  then  made. 

(a)    Mixture  consisting  of  '* local  tetanus  producing  dose"   of  toxin 
-F  Type  I  bacilli  2000  million. 

(h)    Mixture  consisting  of  "local  tetanus  producing  dose"   of  toxin 
+  Type  II  bacilli  2000  million. 

(c)    Mixture  consisting   of   "local   tetanus  producing  dose"   of  toxin 
+  Type  III  bacilli  2000  million. 

{d)    Saline  +  Type  I  baciUi  2000  million. 

Four  rats  were  then  inoculated,  each  with  one  of  the  above  mixtures. 
All  excepting  (d),  which  remained  well,  developed  local  tetanus  between  the 
third  and  sixth  days  after  inoculation;  the  spasm  continued  for  7-10  days  and 
thereafter  the  animals  recovered. 

This  experiment,  while  failing  to  prove,  or  even  to  suggest,  that  B.  tetani 
does  not  develop  a  tissue  debilitating  substance,  shows  that  a  dose  of 
toxin  sufficient  to  cause  a  temporary  disturbance  of  the  anterior  horn  cells, 
may  not  necessarily  exhibit,  locally,  qualities  sufficiently  aggressive  to  set  up 
infection. 

The  spasm-producing  element  of  the  toxin  then  is  not  necessarily  a 
determining  factor  in  the  mechanism  of  infection. 

I  have  attempted  to  carry  out  the  converse  experiment  but  have 
so  far  met  with  no  success,  i.e.  I  have  not  been  able  to  obtain  a  culture 
possessing  sufficient  aggressive  quality,  and  at  the  same  time  of  sufficiently 
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low  "spasiiiin"  content,  to  permit  of  a  differentiation  between  local  debili- 
tatini"  etlect  with  subsequent  infection,  and  immediate  disturbance  due  to 
central  nervous  system  intoxication. 

(b)     AS  TISSUE   DEBILITATING   INFLUENCES   CERTAINLY   ASSIST   IN   THE 

DEVELOPMENT  OF  TETANUS  INFECTION,  IS  THERE  ANY  PARTICULAR 

DEBILITATINC;  INFLUENCE  THAT  IS  OF  SPECIAL  SICNIFICANCE 

IN  THIS  CONNECTION? 

Apart  from  purely  physical  considerations  such  as  situation  and  degree 
of  original  trauma,  coincident  involvement  of  particular  structures,  muscle, 
nerves,  vessels,  etc.,  the  necrotising  influence  of  the  products  of  certain 
organisms  may  play  an  important  part  in  determining  the  genesis  and 
evolution  of  tetanus  infection. 

That  concomitant  infection  with  other  organisms  might  exert  such  an 
influence  upon  the  growth  of  B.  tetani  in  wounds,  and  that  this  influence  might 
vary  with  the  nature  of  such  concomitant  infection,  was  foreseen  by  Vaillard 
and  Vincent.  The  question  became  insistent  when  the  importance  of  gas 
gangrene  infections  was  appreciated  in  this  connection.  The  following  experi- 
ments were  undertaken  with  a  view  to  inquiring  into  the  relationship  which 
infection  of  wounds  with  B.  Welchii  and  Vibrion  septiqiie  might  bear  to  the 
causation  of  tetanus. 

A  preliminary  series  of  experiments  was  undertaken. 

(1)  To  determine  approximately  how  many  washed  and  heated  spores 
of  B.  tetani  could  be  injected  intramuscularly  into  the  guinea-pig  without 
causing  the  disease. 

(2)  To  determine  what  dosage  of  the  toxins  of  B.  Welchii  and  Vibrion 
septiquCy  respectively,  produced  tetanus  when  injected  along  with  a  constant 
number  of  spores  of  B.  tetani. 

In  the  experiments  with  B.  Welchii  it  was  found  that  0-2  c.c.  of  a  toxin 
(which  in  a  dose  of  1  c.c.  killed  one  out  of  three  guinea-pigs  of  250  grammes 
weight)  sufficed  to  cause  enough  local  disturbance  to  determine  invariably 
the  onset  of  tetanus,  when  injected  along  with  1000  million  spores. 

A.    Influence  of  Toxin  of  B.  Welchii  on  the  Development  of 

Tetanus  Spores  in  vivo. 

Experiment  I. 

Guinea-pig  I  was  inoculated  in  the  right  gastrocnemius  with  1000  million  spores  Type  I 
(U.S.A.)  in  1  c.c.  saline.  For  the  first  five  days  the  animal  was  well;  on  the  sixth  and 
seventh  clays  it  limped  slightly  ( ?  local  tetanus) ;  on  the  eighth  day  there  was  no  obvious 
limp,  and  for  the  remaining  six  days  during  which  the  animal  was  under  observation  it 
remained  well. 

Guinea-pig  II  was  inoculated  with  1000  million  spores  Type  I  plus  0-2  c.c.  B.  Welchii 
toxin  (volume  1  c.c).  The  following  day  there  were  signs  of  local  tetanus;  on  the  second 
day  there  was  definite  local  tetanus;  and  on  the  third  day  the  animal  died  from  generalised 
tetanus.     • 
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Guiiica-pig  III  also  rccciNcd  |(K)()  inillioii  sporcH  Ty})('  I  plus  0-2  c.c.  li.  Wnlchii  toxin 
(voliiuK"  I  c.c.)  ill  llic  right  gaslnjciiciiiiuw.  One  hour  later  IIOO  units  of  li.  We.lchii  antitoxin 
were  injected  into  the  left  gastrocnemius.  The  animal  showed  no  signs  of  t(!tanus,  and 
icmained  well  diuiny:  the  period  in  \viii(;h  it  was  under  ob.servation. 

ExferiiHcnt  IT. 

(iuinea-i)ig  1  A  was  inoculated  in  tlu;  right-  gastrocnemius  with  lOOO  million  Type  11 
tetaims  spores  in  I  c.c.  saline.  It  remained  well  for  the  first  five  (hiys;  on  the  sixth  then; 
was  a  slight  limp  (?  local  tetanus);  on  the  seventh  day  there  was  definite  local  t.(!tanus;  on 
the  eighth  general  tetaiuis;  then  tlic  animal  was  kilhnl. 

(;uinea-pig  II  A  was  inoculated  with  1000  million  'iype  J  I  tetanus  Hf)oi('s,  plus  0-2  c.c. 
/).  Welchii  toxin  (volume  1  c.c.).  On  the  first  day  the  animal  appeared  to  hv  well;  on  the 
second  it  was  moribund,  and  was  then  killed. 

(!uinea-|)ig  III  A  received  1000  million  Type  II  tetanus  spores  plus  0-2  c.c.  B.  Wtlchii 
toxin  (volume  1  c.c.)  in  the  right  gastrocnemius.  Two  liours  later  1400  units  of  Ji.  Welchii 
antitoxin  were  injected  into  the  left  gastrocnemius.  P'or  the  first  five  days  the  animal  was 
well;  on  the  sixth  and  seventh  days  it  slightly  limped  (?  local  tetanus);  on  tin;  eighth  day 
the  limj)  was  less  mai'ked;  and  on  the  ninth  day  th(>  animal  was  well,  arxl  it  remained  v\'ell 
during  the  period  in  which  it  was  under  observation. 

Experiment  III. 

Guinea-pig  I  B  was  inoculated  with  1000  million  Type  III  tetanus  spores  in  1  c.c.  saline, 
in  the  right  gastrocnemius.  Guinea-pig  II  B  received  1000  million  spores  Type  III,  ])lus 
0-2  c.c.  B.  Welchii  toxin  (volume  1  c.c).  Guinea-pig  III  B  was  inoculated  in  the  right 
gastrocnemius  with  1000  million  spores  Type  III,  plus  0-2  c.c.  B.  Welchii  toxin  (volume 
1  c.c),  and  received  1400  units  B.  Welchii  antitoxin  in  the  left  gastrocnemius.  Guinea-pig 
I  B  remained  well;  Guinea-pig  II  B  died  of  tetanus  on  the  third  day;  and  Guinea-pig  III  B, 
beyond  exhibiting  slight  stiffness  of  the  inoculated  limb  from  the  sixth  to  the  fourteenth 
day  after  inoculation,  remained  well. 

The  deductions  to  be  drawn  from  these  three  experiments  are  self-evident. 
They  indicate  that  an  antitoxin  for  B.  Welchii  and  tetanus  antitoxin  should 
be  employed  together  for  the  routine  serum  prophylaxis  of  tetanus.  The 
evidence  is  unequivocal  that  the  antitoxin  of  B.  Welchii,  in  addition  to  neutral- 
ising its  toxin,  has  the  advantage  that  it  completely  protects  (in  the  case  of 
the  guinea-pig)  tissue  which  has  been  exposed  to  the  devitalising  effect  of 
that  toxin  against  the  development  of  tetanus  spores.  It  is  highly  probable 
that  the  same  protecting  value  would  be  found  in  the  case  of  man. 

Attention  is  called  to  the  death  of  the  control  animal  I  A  in  Experiment 
II.  The  death  of  this  animal,  while  in  no  way  detracting  from  the  validity  of 
the  experiments  or  of  the  deductions  to  be  drawn  from  them,  indicates  that 
the  development  of  tetanus  depends  upon  a  number  of  different  factors.  It 
is  not  improbable  that,  in  this  instance,  a  certain  degree  of  trauma  when  the 
inoculation  was  made,  was  responsible  for  the  development  of  the  infection. 
It  is  to  be  specially  noted,  however,  that  while  the  test  animal  II  A  died  on 
the  second  day  after  inoculation,  the  control  animal  did  not  die  until  the 
eighth  day.  Moreover  the  test  animal  died  of  acute,  almost  fulminating 
tetanus,  while  the  course  of  the  disease  in  the  control  animal  was  much  less 
acute.    Experiment  IT  is,  therefore,  exceptionally  instructive:  for.  while  it 
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shows  that  the  danger  of  infection  with  li.  letani,  and  notably  the  early 
development  of  the  disease  owing  to  "symbiosis"  witli  B.  Wefchii,  could  be 
considerably  mitigated — if  not  completely  eliminated— by  the  use  of  a 
combined  serum  for  prophylaxis,  it  also  called  attention  to  the  fact,  that 
while  such  a  reagent  would  probably  be  of  great  value,  surgical  measures 
should  not  be  less  carefully  aj)plied  because  of  its  introduction. 

I  call  attention  to  this  because,  if  a  combined  prophylactic  serum  were 
to  be  introduced,  it  might  lead  to  the  development  of  a  feeling  of  false 
security,  and  too  optimistic  a  view  might  be  taken  regarding  the  probable 
value  of  such  a  combined  serum.  As  a  natural  sequence  its  unmerited  con- 
demnation would  ensue,  if  the  results  obtained  did  not  completely  bear  out 
expectations. 

B.    Influence  of  the  Toxin  of  Vibrion  septique  on  the 
Development  of  Tetanus  Spores  jx  vivo. 

.  Vibrion  septique  is  another  of  the  organisms  which  are  commonly  found 
in  wounds,  and  develops  diffusible  toxic  products.  While  it  is  not  known 
whether  the  toxin  of  this  organism  is  a  particularly  active  necrotising 
substance  or  only  has  marked  oedema-producing  properties,  it  seemed  of 
importance,  nevertheless,  to  determine  the  possible  influence  which  it  might 
exert  upon  the  development  of  tetanus. 

As  the  pioperties  of  this  toxin  are  at  present  less  well  defined  than  are 
those  of  the  toxin  of  B.  Welchii,  the  experiments  to  be  described  in  this 
section  cannot  be  so  clearly  interpreted  as  are  Experiments  I,  II  and  III, 
pp.  138-139.  This  difficulty  is  enhanced  by  the  fact  that,  at  the  time  of 
writing,  specific  Vibrion  sepiique  antitoxic  serum  was  not  available,  so  that 
protection  experiments  could  not  be  undertaken. 

I  here  wish  to  record  my  thanks  to  Miss  Robertson  of  the  Lister  Institute 
of  Preventive  Medicine  for  placing  at  my  disposal  a  quantity  of  the  toxin  of 
Vibrion  septique. 

The  methods  employed  and  the  results  obtained  in  making  this  investi- 
gation were  as  follows: 

Experiment  IV. 

Guinea-pig  A  was  inoculated  in  the  riglit  gastrocnemius  with  0-25  c.c.  Vilmon  septique 
toxin  ph.is  0-75  c.c.  sahne.  On  the  first  day  there  was  sHght  oedema  and  stiffness  of  the 
leg.  On  the  second  day  the  oedema  was  palpable,  but  not  extensive;  there  was  still  stiffness 
of  leg.  On  the  third  day  the  oedema  was  almost  gone  and  the  leg  less  stiff.  On  the  fourth 
day  the  animal  had  almost  recovered,  and  on  the  fifth  day  it  was  well,  and  remained  so 
during  the  period  of  the  experiment. 

Guinea-pig  B  was  inoculated  with  0-25  c.c.  Vibrion  septique  toxin,  plus  0-25  c.c.  saline 
plus  1000  million  tetanus  spores  Type  I.  On  the  first  day  there  was  slight  oedema  and 
stiffness  of  leg.  On  the  second  day  oedema  palpable  but  not  extensive;  and  there  was  still 
stift"ness  of  leg.  On  the  third  day  the  animal  was  recovering,  and  on  the  fourth  it  had 
almost  recovered.    On  the  fifth  dav  it  was  well,  and  remained  so. 
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Although  tlie  oedema  resulting  from  the  injection  of  0-25  e.c.  of  this  toxin 
was  quite  as  marked  its,  if  not  more  marked  than,  that  produced  by  0-2  c.c. 
of  the  toxin  of  B.  W'elchii,  it  is  remarkable  that  tetanus  did  not  develop. 
I  then'fore  decided  to  make  the  test  much  more  stringent,  employing  1  c.c. 
of  the  toxin  plus  URKJ  miUion  tetanus  sjx) res.  The  result  of  an  exjx?riment 
employing  this  technique  is  shown  Ix^low. 

Experiment  V. 

Animal  C  was  inoculated  in  the  right  gastrocnemius  \»ith  1  c.c.  Yibrion  septique  toxin 
plus  0-5  c.c.  saline.  On  the  first  day  there  was  marked  oedema  over  the  whole  of  the 
injected  Umb;  on  the  second  the  oedema  was  more  marked  and  extending  over  the  abdominal 
wall,  soft  on  palpation.  The  next  day  the  oedema  was  reduced  and  the  animal  lively;  limb 
stiff.  On  the  fourth  day  the  oedema  was  di-«appearing;  leg  still  stiff.  On  the  fifth  day  the 
animal  had  recovered,  and  remained  weU  till  the  conclusion  of  the  experiment. 

Animal  D  received  1  c.c.  Vibrio*!  septique  toxin  plus  1000  million  Type  I  tetanus  spore*. 
On  the  first  day  there  was  marked  oedema  over  the  whole  of  the  injected  Umb;  on  the 
second,  oedema  as  in  Animal  C.  On  the  third  day  the  oedema  was  reduced  and  the  animal 
lively,  but  limb  stiff.  Fourth  day,  oedema  almost  gone;  leg  still  stiff.  On  the  fifth  day  the 
animal  was  well,  and  remained  so. 

A  slight  stiffness  of  the  limb  remained  in  both  animals  until  the  completion  of  the 
experiment,  which  was  considered  to  have  occurred  on  the  fourteenth  day.  The  animals 
have  remained  well,  and  the  stiffness  Ls  slowly  disappearing.  This  experiment  is  striking, 
in  that,  although  the  oedema  produced  in  the  animals  was  much  more  marked  than  that 
resulting  from  the  injection  of  0-2  c.c.  of  the  toxin  of  B.  Welchii  employed  in  the  previous 
series  of  experiments,  no  development  of  tetanus  occurred. 

This  result  was  scarcely  expected,  and  the  experiment  was  therefore  repeated. 

Experiment  VI. 

Animal  E  was  inoculated  with  1000  million  Type  I  tetanus  spores  suspended  in  1-5  c.c. 
of  saline.  Animal  F  with  1  c.c.  of  Vibrion  septique  toxin  plus  1000  million  Type  I  tetanus 
spores.  These  animals  both  remained  weU,  so  corroborating  the  findings  indicated  in 
Experiment  V. 

As  the  disturbance  produced  bv  Yibrion  septique  toxin — oedema  produc- 
tion— was  so  pronounced,  it  seemed  remarkable  that  tetanus  did  not  develop. 
The  experiment  was  repeated  a  second  time,  using  spores  of  a  representative 
Type  III  tetanus  bacillus.   The  findinofs  of  this  experiment  are  as  follows: 

Experiment  VII. 

Animal  G  was  inoculated  in  the  right  gastrocnemius  with  1000  million  T^-pe  III  tetanus 
spores  suspended  in  1-.5  c.c.  saline.  It  remained  welL  Animal  H  was  inoculated  with  l^ViO 
million  Type  III  tetanus  spores  plus  1  c.c.  Vibrion  septique  (volume  1*5  c.c).  There  was 
marked  oedema  on  the  first  day,  but  the  animal  was  active.  On  the  second  day  there  was 
general  tetanus,  and  the  animal  was  killed. 

As  specific  antitoxin  for  Yibrion  septique  was  not  available,  it  was  decided 
not  to  complete  the  present  series  of  experiments  using  Type  II  spores:  for 
the  results  shown  in  Experiment  VII  indicate  that  Yibrion  septique  may. 
like  B.  Welchii.  play  an  ancillary  part  in  the  cau.sation  of  tetanus. 
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The  negative  results  obtained  on  three  occasions  when  Type  I  spores  were 
used  indicate,  liowever,  that  tlie  toxin  of  Vibrion  septique  is  probably  a  less 
constant  factor  in  stimulating  the  growth  of  B.  tetani  in  the  tissues,  than  is 
that  of  B.  Welchii.  In  view,  however,  of  its  frecjuent  occurrence,  and  in  view 
of  the  fact  that  it  sporulates  more  readily  than  does  B.  Welchii,  its  ca})acity 
for  doing  harm  is  possibly  extended  over  a  more  prolonged  period  than  is  the 
case  with  B.  Welchii.  It  would  seein  advisable  therefore,  that  antibodies  to 
the  toxin  of  Vibrion  septique  should  also  be  included  in  serum  used  for  the 
prophylaxis  of  tetanus. 

Conclusions  from  this  Sertes  of  Experiments,  pp.  138-142. 

1.  There  is  good  ground  for  believing  that  the  ancillary  part  played  by 
B.  Welchii  in  the  causation  of  tetanus  is  clearly  defined.  The  capacity  of  this 
organism  for  doing  harm  in  the  connection  under  consideration  can  be  almost 
eliminated  by  the  use  of  the  antitoxin  for  B.,  Welchii. 

2.  The  capacity  of  the  toxin  of  Vibrion  septique  for  stimulating  the 
growth  of  tetanus  spores  in  vivo  is  more  variable  than  is  that  of  B.  Welchii. 
Experiment  VII  indicates,  however,  that  it  too  may  play  a  part  in  the 
causation  of  tetanus. 

3.  It  follows  from  conclusions  1  and  2  that  antibodies  to  the  toxins  of 
B.  tetani,  B.  Welchii,  and  Vibrion  septique  should  be  included  in  all  serum 
employed  for  the  prophylaxis  of  tetanus. 

4.  While  such  a  polyvalent  serum  promises  to  reduce  still  further  the 
incidence  of  tetanus,  we  may  not  assume  that  it  would  absolutely  eliminate 
that  disease,  for  infections  other  than  those  dealt  with  in  this  com- 
munication may  also  play  a  part  in  stimulating  the  growth  of  B.  tetani  in 
wounds. 


(c)    AS  CONCOMITANT  INFECTION  WITH  CERTAIN  ORGANISMS  STIMULATES 

THE  GROWTH  OF  SPORES  OF  B.  TETANI  IN  TISSUE,  IS  IT  NOT  POSSIBLE 

THAT  THE  CONVERSE  MAY  BE  EQUALLY  TRUE?    AT  LEAST,  MAY  NOT 

SOME  CONCOMITANT  INFECTIONS  REDUCE  THE  TOXOGENIC  CAPACITY 

OF  B.  TETANI  UNDER  CERTAIN  CIRCUMSTANCES  WHICH  ARE 

AT  PRESENT  UNKNOWN? 

The  facts  dealt  with  in  this  Sub-section  of  the  Report  were  obtained, 
not  in  making  inquiry  into  the  above  question,  but  in  conducting  an 
investigation  with  another  object  in  view.  This  problem  is  complementary 
to  (b),  p.  138.  In  examining  wound  exudates  from  men  showing  no  evidence 
of  tetanus,  Miss  Cayley  obtained  three  consecutive  cultures,  which  failed  to 
develop  toxin  when  tested  by  the  ordinary  methods,  but  nevertheless  con- 
tained bacilH  in  large  numbers  having  the  morphological  characters  of 
B.  tetani  and,  on  investisjation  bv  the  method  described  in  a  Drevious  com- 
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iimnication  {Jounml  ll.A.M.C,  Dec.  I<J17),  agj^lutinated  in  [)rcsence  of  Type  I 
sc'iuiii.    TIlis  liiidiiiu;  meant  that 

[a)    ('(M-laiii  sti'aiiis  of  li.  Ichnii  were  iioii  loxo^cnie,  or 

(/>)  that  cerlain  orjraiiisms  oilier  lliaii  li.  fa/ani  a<;<^lutinate  in  [)rosence 
o[  'IVpe  I  seiinn,  or 

{(')  that  the  conditions  under  which  the  or^ranisms  were  <ri-owin<^  ran- 
(kM-ed  them  tem])orarily  non-toxo^^enic,  or  that  toxin  was  destroyed  as  rapidly 
as  it  was  pioduced. 

In  order  to  determine  by  in  vitro  methods  whether  these  cultures  contained 
Type  I  haeilh  or  merely  other  micro-or<^anisms  exhibiting  marked  group 
agglutination  with  Type  I  serum,  they  were  fully  examined  by  microscopical 
and  serological  methods. 

The  three  cultures  under  consideration  will  be  hereinafter  designated 
C5,  C11  and  015. 

A.  The  oi'iginal  cultures  of  wound  exudates  were  made  in  autoclaved 
meat  broth  and  their  examination  showed  the  following: 

(i)  0  5  on  the  7th  day  after  seeding  showed  the  presence  of  organisms 
of  the  tetanus  morphological  type,  the  sporogenes  type  and  oval  end-sporing 
bacilli. 

(ii)  C  14  showed  tetanus  type  on  the  14th  day  of  incubation  with 
sporogenes  and  oval  end-sporing  types  also  present. 

(iii)  C  15  showed  tetanus  type  on  the  9th  day  of  incubation,  sporogenes 
type  also  being  present. 

•  B.  Sub-cultures  were  made  from  these  original  meat  broth  tubes  in  the 
enriching  medium  described  in  a  previous  communication  (Journal  R.A.M.C., 
Dec.  1917). 

(i)  C  5  in  the  enriching  medium  gave  after  three  days'  incubation  a 
strong  growth  of  bacteria  having  the  morphological  characters  of  B.  tetani. 

(ii)  C  14  behaved  in  a  similar  way,  but  sporulation  was  not  marked 
until  the  4th  day  of  incubation. 

(iii)  C  15  behaved  exactly  as  did  C  14. 
C.  These  cultures  were  then  centrifugalised,  washed  in  saline,  and  suspen- 
sions made  and  standardised  by  the  opacity  method,  to  contain  2000  million 
bacilli  per  c.c.  The  suspensions  were  then  heated  and  phenolated,  following 
the  standard  technique,  and  finally  exposed  to  the  action  of  Types  I,  II,  and 
III,  agglutinating  sera.   The  results  obtained  are  shown  in  Table  XV. 


Type  III  serum  Normal 

)         1/50 


Table  XV. 

Culture 

Type  I  serum 

Type  II  serum 

1/100        1/200 

1/400 

1/100      1/200      1/' 

C5 

-H- 

-If 

+ 

- 

C14 

-H- 

* 

+ 

- 

C15 

* 

-H- 

-H- 

- 

Controls 

■H- 

-H- 

-H- 

-H-             -If 

-H- 
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Absorption   ot   agi^liitiiiin   tests   were   then   carried   out   a<^aiii    using   the 
standard  techniciue,  and  results  shown  in  Table  XVI  were  obtained. 

Table  XVI  A. 
Absorption  of  Tt/pr  I  Senim  hj  Cultures  (7  5,  C  14,  C  15 


Culture 


C5 
C14 
C15 
Control 


Culture 


Control 


Culture 

Unabsorbed  serum 

^ A^                ^ 

Agglutination 

Absorb 

Homol 

ogous  bacillus 

_A_ 

added 

1/100 

1/200    1/400    1/800 

l/lOO 

1/200 

1/400 

1/800 

Co 

■H- 

-h               +               - 

-tf 

- 

- 

- 

C14 

■tf 

-H-             +             - 

-H- 

- 

- 

- 

CI5 

-H- 

+             +             - 

+ 

- 

- 

- 

Control 

4f 

*             #             - 

^ 

_ 

_ 

_ 

Test  bacillus  added 

-A 

1/100    1/200    1/400    1/800 


Table  XVI  B. 

Absorption  of  Ti/pe  II  Serum  btj  Cultures  05,  C  14,  C  15. 

Absorbed  serum 


Unabsorbed  serum 

-A , 

Agglutination 


l/lOO   1/200    1/400    1/800 


Homologous  bacillus  added 

1/100  1/200  1/400  1/800 

-fr  if          +           + 

4f  -H-            -H-            + 

4f  -H-            -H-            + 


Test  bacillus  added 
1/100    1/200    1/400    1/800 


■If 


-tf 


+ 


Tj 


a  hie 
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Absorption,  of  Tijpe  III  Sermn  by  Cultures  Co,  C  14,  C  15. 


Unabsorbed  serum 


Absorbed  serum 


Agglutination 

Homologous  bacillus  added 

^ -\.                —^ 

1/100   1/200   1/400    1/800 

1/100   1/200    1/400    1/800 

Cf) 

_          _           _           _ 

*           4f          -«-          + 

C14 

_          _          _           _ 

4f             4f             +             4- 

C15 

_          _           _           _ 

+             -If             ^f             + 

Test  bacillus  added 


1/100    1/200    1/400    1/800 


+ 


The  findinos  shown  in  Tables  XV  and  XVI  indicate  that  the  three  cvdtures 
under  consideration  were  Type  I  tetanus  bacilli,  and,  in  view  of  their  failure 
to  produce  toxin  w^hen  tested  in  the  ordinary  way,  intjuiry  had  to  be  made  to 
determine  whether : 

(a)  They  were  intrinsically  atoxic. 

(b)  The  circumstances  of  their  growth  reduced  their  toxogenic  capacity. 
D.    Animal  experiments  were  therefore  undertaken  to  investigate  these 

points. 

(1)  In  the  first  place  sub-cultures  into  ordinary  peptone  broth  were 
made  from  the  original  meat  cultures,  and  were  incubated  anaerobically  for 
six  days. 

Microscopical  examination  of  the  growths  was  then  made  to  determine  the 
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presence  of  oiiiaiiisms  hcaiiiiL;  spliciiciil  I  ciiiiiiial  s|)()i'('.s.  A  !n;i.s.siv(*  iiioculat  ion 
—  0-5  ('.('.  of  t  h  CSC  growths  was  I  iitid  I*  iiit  rainusculaily  into  each  ol  three  rats. 
All  llic  animals  icniaincMl  well,  so  conliiinini^  tlic  orijiinal  expciiinent .  The 
expciiincnt   was  i-ejx'alcd  with  mice  and  the  same  result  was  ()f)taine(l. 

{'2)  As  it  seemed  possil)le  that  tin;  tetanus  ])acilli  mi<^lit  have  been 
introduced  into  the  cni'ichin;^  medium  thr()u;;h  teciinical  error,  sid^-cultures 
were  made  in  hidth  fiom  tiie  tubes  containing  j^rowths  of  T  5.  (' ]4  and 
C  15  in  the  enrichiiiL;  medium.  After  10  days  0-5  c.c.  of  each  of  these  sub- 
cultures was  inoculated  into  mice. 

Notwithstaiubu"^  these  massive  inoculations  two  of  the  mice  remained 
well.  That  inoculated  with  C  J 4  died  from  tetanus  on  the  5th  day.  It  seemed 
improbable  then,  that  the  tetanus  bacilli  had  been  introduced  into  the  en- 
richin<i  medium  durin":  any  of  the  various  processes  of  its  preparation.  Tn 
order  further  to  ensure  that  the  medium  w^as  not  a  source  of  error,  sub- 
cultures from  the  original  meat  tubes  were  made  in  three  different  batches  of 
enriching  medium,  and  agglutination  tests  were  repeated  with  the  cultures 
so  obtained.   All  gave  consistent  results. 

Note.  Before  any  batch  of  enriching  medium  is  used  in  the  laboratory,  it  is  ex- 
amined by  cultural  methods  to  ensure  sterility,  and  where  animal  experiments  are  to 
be  performed  with  growths  of  organisms  in  this  medium,  it  is  inoculated  into  mice  to 
ascertain  that  the  medium  itself  does  not  exhibit  toxic  properties. 

(3)  The  following  experiments  were  then  set  up  to  determine,  if 
possible,  whether  the  tetanus  bacilli  in  C  5,  C  14  and  C  15  were  themselves 
atoxic,  or  whether  their  toxogenic  capacity  was  interfered  w^ith  by  concomi- 
tant growth  of  other  bacteria  present  in  the  cultures. 

(i)  Four  tubes  of  meat  broth,  a,  b,  c.  and  d,  were  each  inoculated  with 
an  equal  quantity  of  the  same  culture  of  Type  I  bacilli — the  U.S.A.  standard 
culture  which  was  known  to  be  toxic. 

Into  Tube  "6"  was  then  seeded  some  of  the  original  meat  culture  of  C5, 
'V"  C 14 

;,  "f^"  »>  »>  »»  >>  ClO. 

Tube  "r/,"  wdiich  w-as  inoculated  with  the  standard  U.S.A.  culture  only, 
served  as  a  control. 

All  four  tubes  were  incubated  for  eight  days,  and  then  0-25  c.c.  of  each 
culture — again  a  massive  inoculation  for  mice  —was  injected  subcutaneously 
into  mice. 

The  mouse  inoculated  with  "a"  died  from  tetanus  within  21  hours:  that 
inoculated  with  "6"  showed  tetanic  symptoms  from  the  3rd  to  the  Sth  day, 
but  eventually  recovered;  that  inoculated  with  "c"  remained  well:  while  the 
animal  which  received  "c?"  developed  tetanus  only  on  the  5th  day  and  died 
from  the  disease  on  the  6th. 

(ii)  The  experiment  w^as  repeated  but  the  tubes  in  this  instance  were 
incubated  for  lOdavs. 
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The  animal  iiiociilatetl  witli  ''a"  died  witliin  '1\  hours;  that  with  "6" 
showed  tetanic  syrnptoms  from  which  the  animal  ultimately  recovered — the 
onset  of  the  condition  occurring  six  days  after  inoculation.  The  animals 
inoculated  with  ''c"  and  ''(/"  remained  well. 

(iii)  Exactly  similar  experiments  were  then  carried  out  usin<;  cultures 
from  mixed  inocula  of  Type  II  and  Type  III  bacilli  and  C  5,  C  14  and  C  15. 
The  cultures  were  incubated  for  eight  days  and  inoculated  as  in  (i)  and  (ii). 
In  neither  case,  however,  did  any  of  the  growths  prove  atoxic. 

(iv)  Experiment  (i)  was  repeated  a  second  time  and  gave  une(jui vocal 
confirmation  of  the  previous  findings. 

(v)  As  experiments  (i)  and  (ii)  of  this  Sub-section  indicated  that  the 
toxic  qualities  of  mixed  cultures  might  vary  from  day  to  day  I  made  four 
sub-cultures  each  of  0  5,  C  14  and  CM5  for  inoculation  on  different  days. 
One  series  of  tests  was  made  after  four,  one  after  six,  one  after  eight,  and 
one  after  ten  days'  incubation.  The  inocula  consisted  of  0-5  c.c.  in  each 
instance,  and  the  animals  used  were  rats.  All  the  animals  in  this  series  of 
experiments  survived,  and  none  showed  evidence  of  tetanus. 

(vi)  The  experiments  described  in  (i),  (ii)  and  (iv)  indicate  that  co- 
incident growth  of  other  organisms  may  prevent  the  development  of  tetanus 
toxin  in  cultures. 

In  order  finally  to  dispose  of  the  question,  sub-cultures  from  the  original 
meat  tubes  of  C  5,  C  14  and  C  15,  were  made  in  the  enriching  medium,  and 
the  growths  so  obtained  were  centrifugalised,  washed,  and  heated,  as  for  the 
preparation  of  suspensions  for  agglutination.  In  doing  this,  special  precau- 
tions w^ere  taken  to  prevent  the  occurrence  of  contamination.  A  specimen  of 
each  of  the  suspensions  so  obtained  was  retained  for  animal  inoculation, 
and  the  bulk  of  each  suspension  was  agglutinated.  Again  all  three  cultures 
reacted  well  in  the  presence  of  Type  I  agglutinating  serum. 

The  specimens  removed  from  each  suspension  before  agglutination  were 
dealt  with  thus: 

(a)  0-1  c.c.  of  suspension  of  C  5  was  mixed  with  1/4  M.L.D. — for  mice — 
of  Welchii  toxin.  The  mixture,  so  prepared — total  volume  0-2  c.c. — was 
injected  subcutaneously  into  a  mouse.  The  animal  developed  tetanus  and 
died  on  the  third  day. 

(b)  0-1  c.c.  of  suspension  of  C  14  +  the  same  quantity  of  Welchii  toxin 
was  injected  into  a  second  mouse.  The  animal  developed  tetanus,  and  was 
killed  on  the  second  day  after  inoculation. 

(c)  An  exactly  similar  experiment  in  Which  the  suspension  of  C  15 
was  tested  resulted  in  the  development  of  tetanus  on  the  third  day  after 
inoculation. 

(d)  A  control  mouse,  inoculated  with  the  Welchii  toxin  alone,  remained 
well. 

The  experiment  was  repeated  using  a  smaller  dose  of  Welchii  toxin,  and 
substantially  the  same  result  was  obtained. 
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Cominenti?i<j:  on  those  results,  it  is  remarkable  that  there  is  sueh  definite 
evidence  of  loss  of  toxo^ronic  ])()\ver,  when  the  Type  1  culture  is  ^nown  in  a 
mixture  alon^^  with  the  cultures  under  consideration.  It  is  also  remarkable 
that  a  similar  result  was  not  obtained  with  the  Type  11  and  Type  III  bacilli — 
Experiment  (iii),  ]).  1 1(). 

This  tindin«i  mi^lit  suj^^^^^est  that  cultures  of  Ty])e  I  bacilli  were  more 
susceptible  to  depression  of  their  toxo«ienicity  by  certain  mixtures  than  were 
cultures  of  Type  II  and  III.  This  is  ])ossibly  so;  but,  short  of  carryin<,^  out  a 
lon«j:  series  of  (piantitative  experiments  with  numerous  strains  of  each  Type, 
such  a  deduction  is  not  permissible.  It  is  more  probable  that  the  particular 
strain  of  Type  I  used  was — perhaps  only  temporarily — less  toxo^enic  than 
the  strains  of  Types  II  and  III  employed,  and  therefore  the  conditions 
necessary  for  demonstrating  depression  of  their  toxogenicity  were  not  realised. 

The  important  point  is,  as  the  experiments  definitely  show,  that  certain 
mixtures  of  organisms  depress  to  a  greater  or  less  extent  the  toxin-producing 
capacity  of  certain  strains  of  tetanus  bacilli  when  grown  together  with  them. 
Experiment  (vi),  p.  142,  of  the  series  shows  that  spores  of  tetanus  bacilli 
obtained  from  such  non-toxic  mixtures  are  definitely  toxogenic  when  in- 
oculated into  animals  under  suitable  conditions. 

{d)      PRELIMINARY    EXPERLMEXTS   COXDUCTED    WITH    A    VIEW   TO   THE 
ELABORATIOX    OF    A    METHOD    FOR    STUDYIXG    IXFECTIOX 

WITH   B.  TETAXr. 

Investigations  conducted  for  the  purpose  of  determining  a  suitable  tissue 
debilitant,  which  might  he  emploijed  for  starting  the  infective  process  in  various 
animals. 

The  experiments  already  described  indicate  that  a  method  might  be 
elaborated  for  studying  the  various  problems  of  the  prophylaxis  and 
therapeutics  of  tetanus  from  the  standpoint  of  infection  instead  of  from 
the  standpoint  of  intoxication. 

Could  this  be  done,  a  more  rational  view  of  the  pathogeny  of  the  natural 
disease  would  be  obtained,  and,  it  is  not  improbable,  that  improvements 
in  the  methods  of  prevention,  if  not  in  the  methods  of  treatment,  might  be 
su":gested  bv  the  findings  obtained. 

The  primary  object  of  the  investigation  was  to  obtain,  if  possible,  a 
standard  method  of  infection.  This  would  constitute  a  basis  for  the  study  of 
the  prophylactic  values  of  anti-bacterial  and  antitoxic  sera;  and  also  for  the 
study  of  the  action  of  "mono-typical"  sera  in  order  to  determine  whether 
they  are  or  are  not  specific. 

The  experiments  described  on  p.  142  show  that  the  toxin  of  B.  Wclchii 
might  be  used  for  this  purpose  in  guinea-pigs  and  in  mice:  it  also  sets  up 
infection  in  the  rat.  The  employment,  however,  of  a  biological  reagent 
of  this  nature,  for  the  purpose  in  view,  presents  considerable  difficulties, 
owing    to    its    instabihty,    and    owing    also    to    its    somewhat    inconstant 
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effect  upon  different  menihers  of  e\<n  um  aimnal  s|)ecies,  becau>f  ni  the 
variation  in  siLsceptihility  e\hil)ited.  1  have  employed  it  in  conduetin«i  a 
series  of  observations  wliioh  will  be  described  later,  but  found  it  unsatisfactory ; 
because,  if  reliable  results  are  to  be  obtained,  it  is  essential  that  a  complete 
series  of  experiments  be  performed  at  one  time.  This  precluded  its  use  in 
experiments  in  which  guinea-pigs  were  employed,  owing  to  the  ex})ense 
incurred,  and,  as  will  be  seen  from  subsei|uent  observations,  infection  experi- 
ments are  difficult  to  carry  out  under  standard  conditions. 

When  a  standard  number  of  spores  together  with  the  debilitant  are  injected 
into  animals,  it  is  found  that  a  narrow  margin  exists  between  the  degrees  of 
tissue  debility  which,  on  the  one  hand,  will  certainly  give  rise  to  the  develop- 
ment of  tetanus  and  which,  on  the  other  hand,  will  cause  death  in  most 
animals  even  though  protected  by  large  doses  of  antitoxin. 

By  the  term  "a  large  dose  of  antitoxin."'  I  mean  such  a  (relative)  quantity 
as  would  be  quite  impracticableas  a  prophylactic  dosage  in  man;  e.g.  50  units 
for  a  guinea-pig  is  eijual  to  12.(HX)  units  for  man. 

A  number  of  substances  were  therefore  investigated  in  an  attempt  to 
obtain  a  more  stable,  and  therefore  more  constant  irritant  than  WeJchii 
toxin,  or  any  other  biological  product,  and  which  could  moreover  be  stan- 
dardised by  physical  or  chemical  methods.    The  substances  examined  were: 

1.  Lactic  Acid.  Various  solutions  of  this  reagent  were  tried  both  on 
guinea-pigs  and  mice,  which  w  ere  inoculated  at  the  same  time  w  ith  a  standard 
number  of  vspores.  The  results  were  so  inconstant  that  the  reagent  was 
obviously  unsuitable  for  the  purpose  in  view. 

2.  TriinethijhuHUte.  This  reagent  was  also  tried  and  was  found  to  give 
fairly  constant  results  in  the  case  of  guinea-pigs:  but  its  marked  alkalinity 
and  its  tendency  to  undergo  decomposition  proved  it  to  be  a  less  reliable 
substance  than  saponin  for  the  purpose  of  setting  up  infection  in  these  animals. 

Trimethylamine  could  not  be  satisfactorily  used  in  the  case  of  mice,  for 
a  somewhat  unexpected  result  was  obtained  with  them,  illustrating  the  diffi- 
culty of  the  problem  under  consideration,  and  which  I  think  is  worthy  of  record. 

Twelve  mice  were  inoculated  subcutaneously  with  the  following  mixtures 
of  spores  and  trimethylamine. 

(a)     100  million  T\-pe  I  spores  -r  0-1  c.c.  trimethvlamine  33  ^'o  +  - 

(6)        ..        '..   II   .,  ^    „  :,  ..  ^  - 

(0  ..     Ill   ..     -h      ..  ,.  .    ,.     +  - 

(<»')  ..  ..      1       ,.     ^O-Odc.c.  „  .,     -rOOo  saline 

(6)  ..  ..      II     „     +       „  ..  „     +    ^     „ 

(C)  ..      Ill    ,.     +       „  ..     + 

(a")  1       .,     -r002oc.c.  .,  „     +0-075  saline 

(*")  -  ..      II     „     +       ,.  ..  .     + 

(c")  ..      Ill    „     +      „  ..     + 

(a'")  „  I       ,.     ->-0012oc.e.         ..  .,     +  00875  saline 


(6"')  .,  ..      II     .,     -h 


+ 


ic'")  ■    in  „   +    ..  „  „   + 

The  volume  of  each  inoculum  was  0-3  c.c. 
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(1)  Aiiiiiials  {(i),  {!)),  and  (r),  nvoit  all  found  dead  llic  iiioiniiiir  following 
tlie  inoculation.    They  showed  no  evidence  of  tetanus. 

(2)  (^/'),  {//),  and  (c'),  each  dev<^lo|)ed  an  eschar  about  |  of  an  inch 
in  diameter  at  the  site  of  injection,  two  days  after  inoculation.  Xot with- 
standing this,  they  remained  well,  were  lively,  took  food  greedily,  and  after  a 
further  la})se  of  three  or  four  days,  all  hut  one  had  recovered.  The  animal 
which  died— (/;')-  did  not  show  any  evidence  of  tetanus,  and  only  succumbed 
after  the  eschar  had  completely  healed. 

(3)  {(i")  developed  definite  tetanus  on  the  7th  day  after  inoculation 
and  was  killed. 

{b")  showed  demonstrable  tetanic  spasm  on  the  3rd  day  and  it,  too, 
was  killed. 

(c")  died  from  tetanus  on  the  2nd  day. 
(1)    {a"),  {h'"),  and  (c'"),  all  remained  well. 

From  the  above  experiments  it  is  seen  that  only  the  third  series  of  tests 
gives  results  which  are  at  all  encouragin<x:  but  the  time  variation  before  the 
onset  of  the  disease,  makes  the  employment  of  diluted  trimethylamine  imprac- 
ticable for  experiments  designed  to  investigate  the  prophylactic  value  of  sera. 

It  is  Very  remarkable  that  those  animals  which  received  0-05  c.c.  of  the 
reagent,  although  thev  showed  marked  local  disturbance,  did  not  succumb 
to  tetanus:  while  those  which  received  0-025  succumbed  although  they 
showed  practically  no  local  disturbance. 

3.  Saponin.  The  use  of  this  reagent  was  suggested  to  me  by  Dr  F.  Ransom 
and  I  wish  to  thank  him  cordially  for  his  advice. 

The  following  experiments  were  carried  out  to  determine  how  this  sub- 
stance might  be  employed  in  order  to  set  up  infection.  It  is  to  be  noted,  that 
the  great  advantage  of  saponin  lies  in  the  fact  that  its  solutions  can  be 
standardised  by  phifsical  methods,  and  it  cain  be  sterilised  by  autoclaving, 
without  losing  its  irritant  properties:  solutions  should  not.  however,  be 
autoclaved  more  than  once. 

Five  guinea-pigs  were  inoculated  intramuscularly  with  the  following 
mixtures: 

Animal  1,  saponin  1/100  0-2  c.c.  saline  0-2  c.c,  T>-pe  I  spores  200  million — Vol.  =0-6  c.c 
„       2,        „        1/200        „  „  „  200       „ 

„      4,       „        1/800       „  „  „  400       ,,  „  „ 

„       o,        „        1  1600     „  .,  „  400 

y umber  1  showed  evidence  of  local  tetanus  on  the  morning  of  the  2nd  dav, 
rapidly  developed  tetanic  convulsions  and  was  therefore  killed. 

y umber  2  had  stiffening  of  the  inoculated  limb  on  the  evening  of  the 
2nd  day  and  was  found  suffering  from  generalised  tetanus  on  the  morning  of 
the  3rd  day.   It  was  then  killed,  as  the  possibility  of  recovery  was  remote. 

y umbers  3,  I  and  5  remained  perfectly  well.  This  experiment  gave  an 
indication  of  how  a  standard  infection  might  be  set  up  in  the  guinea-pig — 


at  least  so  tar  as  a  standard  iiift'ctioii  of  any  kind  can  Ix^  sc!l  up  in  any  animal. 
Siil)se(|iUMit  exptM'iineiit  sliovved  that  '200  nnllion  s[)ores  f- 0*2  c.c.  of  1/200 
saponin  «!;ave  consistent  results,  tetanus  invariably  developinji  on  the  2nd  or 
3rd  day  after  the  intramuscular  injection  of  (he  mixtnic.  Hi'|ual  volumes  of 
1/300  dilution  of  the  same  sample  of  saponin  in  presence  of  the  same  nundjer 
of  spores  did  not  «»ive  constant  results. 

A  similar  series  of  tests  was  made  with  mice,  dilutions  of  saponin  1/50- 
1/400  l)ein«i  tested,  but  the  results  obtained  were  entirely  ne«»ative.  The  test 
was  done  in  triplicate,  usin*"  spores  of  all  three  types  of  B.  lelani.  The  animals 
remained  well  when  the  lower  concentrations  were  used,  and  showed  a])solutely 
no  evidence  of  tetanus,  but  succumbed  to  saponin  intoxication,  usually  within 
24  houis,  when  the  hi«^her  concentrations  were  injected. 

The  results  of  these  experiments,  dealin«j;  with  the  employment  of  irritants 
for  setting  up  infection,  show  the  followin*;"  interesting  points. 

(i)  Wvlchii  toxin,  althouj^h  unsatisfactory  for  performing  (|uantitative 
tests,  proved  to  be  the  most  consistent  of  the  reagents  investigated,  in  respect 
of  its  power  of  producing  iidection  in  a  variety  of  animal  species. 

(ii)  The  chemical  reagents  are  less  consistent,  e.g.  saponin  sets  up 
infection  in  the  guinea-pig  but  not  in  the  mouse. 

(iii)  The  dilution  of  the  reagent  employed  may  have  a  very  nuirked 
influence,  and  sometimes  an  unexpected  one,  in  respect  of  its  power  to  give 
rise  to  infection  in  different  animals.  This  fact  is  strikingly  illustrated  in  the 
case  of  trimethylamine.  When  this  reagent  is  used  on  mice  it  shows,  that 
not  only  the  degree,  but  also  the  nature  of  the  tissue-debilitating  lesion  may 
profoundly  affect  the  development  of  tetanus. 

(iv)  In  the  guinea-pig,  saponin  can  be  used  to  set  uj)  an  infection,  and 
gives  fairly  constant  results.  The  animals  die  two  to  three  days  after  in- 
oculntioji.  A  metliod  of  testing' the  (inli-infcciivc  })roperties  of  sera  in  guinea- 
pigs  seems,  therefore,  to  have  been  obtained. 

(v)  The  experiment,  in  which  the  infection-stimulating  properties  of 
sa])onin  were  investigated,  shows  that  the  degree  of  tissue  destruction,  rather 
than  the  number  of  spores  inoculated,  is  the  determining  factor  in  causing  the 
development  of  infection.  Thus  animals  4  and  5  did  not  develop  the  disease 
although  they  received  twice  the  number  of  spores  injected  into  animals 
1,  2  and  3. 

{(')    EXPERIMENTS  DEALING  WITH  PROPHYLAXIS  WITH 
ANTI-TETANIC  SERUM. 

(i)     Degree  of  tissue  destruction  in  its  relation  to  the  causation  of 
tetanus. 

(ii)    Degree  of  irmnunity  conferred  by  varying  the  dose  of  antitoxin. 

In  the  previous  Sub-section,  pp.  147-150,  attention  is  called  to  the 
important  bearing  which  the  degree  of  tissue  debility  may  have  upon  the 
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(hn'olopiiKMil  of  f('f;niiis,  wIkmi  ;i  constaiil  imnihci'  of  sporns  mio  inoculated, 
'i'liis  raises  the  (juestion:  ''Docs  antitoxin,  used  in  doses  havirig  a  ratio 
|)ra('tical)Ie  in  man,  prevent  a  fatal  issue  in  expciiniental  animals,  when 
the  de«i;ree  of  tissue  destruction  is  <z;reat?" 

In  an  attempt  to  inquire  into  this  problem  the  following  experiment 
was  carried  out: 

Four  rals,  (a),  (h),  (c)  and  (d),  each  wei^^hin^^  approximately  100 
grammes,  received  10  units  of  antitoxin;  the  antitoxin  used  was  mark 
"B.W.    horse    i:5." 

After  an  interval  of  two  days  animal 

(n)  was  inoculated  with  a  mixture  of  Welchii  toxin +  500  million  Type  I  spores, 
{b)  „  „  „  +500       „  „      II      „ 

(c)  „  „  „  +500       „  „     III    „ 

(d)  „  „  „  +  saline. 

The  dose  of  Welchii  toxin  chosen  was  that  which  produced  a  marked 
oedema  of  the  whole  limb  when  injected  by  the  intramuscular  route.  Controls 
which  had  received  no  antitoxin  were  also  injected  with  the  same  mixtures. 
The  control  animals  and  also  animals  (a),  (6)  and  (c)  all  developed  tetanus 
and  died,  the  fatal  issue  in  the  experimental  animals  as  compared  with  the 
control  animals  being  delayed  only  for  24  to  48  hours.  Animals  injected 
with  tetanus  spores  only  remained  well.  Animal  (d) — Welchii  toxin  alone — 
naturally  developed  a  marked  oedema  of  the  inoculated  limb,  but  recovered 
completely  in  four  or  five  days. 

The  experiment  was  repeated  on  mice,  which  were  given  5  units  of  antitoxin 
two  days  before  the  inoculation  of  spores  and  Welchii  toxin.  An  exactly 
similar  result  was  obtained. 

If  the  dose  of  .antitoxin  used  in  these  experiments  be  expressed  as  gramme 
weight  equivalents  for  man  the  ratio  in  each  instance  is: 

40  units  to  a  rat  of  100  grammes  is  equal  to 
24,000     „        „     man  of  60  kilos. 

5     ,,        ,,     mouse  of  15  grammes  is  equal  to 
20,000     „        „     man  of  60  kilos. 

The  results  indicate  that  the  development  of  infection  wdth  B.  tetani,  in 
passively  immunised  animals,  depends  largely  upon  quantitative  factors,  one 
of  which  is,  the  degree  of  tissue  destruction  in  the  infected  area.  While, 
therefore,  we  may  improve  upon  the  methods  of  serum  prophylaxis  at  present 
in  use,  we  cannot  hope  to  eliminate  the  disease  completely  by  the  prophylactic 
use  of  antitoxin. 

Another  most  important  point  is  suggested  by  the  experiment,  viz.  that 
a  factor  of  special  import  in  the  prophylaxis  of  the  disease,  is  early  and  free 
removal  of  devitalised  tissue.  Surgery  is  as  important  as  serum  prophflaxis 
in  the  prevention  of  tetanus. 

Journ.  of  Hyg.  xvni  H 
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This  tincliii^  prompted  a  fiiither  ((iiery:  "Will  a  lar^e  dose  of  antitoxin 
give  more  adequate  protection  than  a  smaller  one  a<j;ainst  a  fatal  result  from 
infection  with  B.  tetani  under  standard  conditions — so  far  as  any  infection 
can  be  standardised?" 

This  subject  is  of  threat  importance  and  can  only  be  investigated  by  experi- 
ments based  on  infection,  as  opposed  to  experiments  based  on  intoxication. 
The  point  at  issue  is  not  how  long  the  passive  immunity  conferred  by  a  dose 
of  antitoxin  lasts,  but  the  degree  of  immunity  conferred  by  antitoxin  during 
the  period  between  the  3rd  and  6th  day  after  the  reception  of  the  injury. 

It  has  been  my  experience  in  conducting  infection  experiments  in  guinea- 
pigs,  that  if  the  animal  lives  for  six  days  after  it  has  been  inoculated  without 
showing  evidence  of  tetanus,  the  disease  will  probably  not  develop  at  all;  or, 
if  it  does,  the  infection,  in  a  considerable  number  of  instances,  will  only,  result 
in  local  tetanus  and  subsequent  recovery.  Stated  in  terms  of  the  natural 
disease  in  man,  the  question  really  becomes — Can  we  hope  to  preve^it  the 
occurrence  of  a  percentage  of  fulminating  cases  of  the  disease  by  the  routine 
employment  of  a  larger  initial  prophylactic  dose  of  antitoxin  than  that  which  is 
at  present  in  use  ? 

In  the  earlier  series  of  infection  experiments  in  which  guinea-pigs  were 
used,  the  serum  was  injected  two  or  three  days  prior  to  the  inoculation  of  the 
infecting  material — mixture  of  spores  and  irritant — and  the  following  results 
were  obtained : 

Table  XVII. 

No.  of  Ratio  of  anti- 

animals  toxin  for  use  Units  Recovered  Died 

21  1,450  6  or  less  0  21 

2  2,900  12  units  0  2 

6  6,000  25     „  1  5 

6  12,000  50     „  2  4 

In  order  further  to  investigate  this  problem  I  performed  the  following 
experiment : 

Two  sets  of  3  guinea-pigs  each,  were  immunised  with  various  doses  of  antitoxin; 
Lister  Institute,  No.  136  a  serum  was  used.  Two  hours  before  the  serum  was  injected,  all  the 
animals  were  inoculated  intramuscularly  with  a  mixture  of  0-2  c.c.  1/200  saponin  solu- 
tion -I-  200  million  spores,  the  total  volume  of  the  inoculum  being  0-6  c.c.  Table  XVIII, 
p.  153,  shows  the  details  and  results  of  the  experiment. 

Commenting  on  these  results  it  is  seen,  that  with  the  five  units  of  antitoxin 
the  onset  of  the  disease  was  not  delayed  so  markedly  as  when  larger  quantities 
were  employed.  With  10  units  of  antitoxin  the  late  onset  of  the  disease  and 
its  relatively  slow  progress  indicate  that  a  larger  initial  prophylactic  dose  of 
antitoxin  will  probably  be  of  considerable  value,  both  in  limiting  the  incidence 
of  the  disease  and  in  beneficially  altering  its  clinical  characters,  by  rendering 
the  latter  more  chronic  and  so  allowing  of  more  adequate  therapeutics. 
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Tul)l('  Will. 

Aiiii- 
Aiiimal       Sa|)niim  SporoB  toxin  Initio  RoRult 

A  1/200  0-2  c.c.    L'OU  riiilli(.ii  Type  T  5  1200  Local  tctaniiK  2nd  day,  goncra- 

li.scd  4th  day 

B  ^^  ,^  ,,      I  10  2400         RcMiaincd  wc^ll  till  l.'Uli  day, 

developed    ioeal    tetanuH — 
goneraliHed  three  days  later 

„      I  20  4800  do.  do. 


c 

A' 
B' 
C 


11  5  1200         Local      tetanus      .'Jrd      day, 

definitely    generalised    6th 
day 

II  10  2400         Remained  well  till  13th  day, 

developed    local    tetanus — 
generalised  three  days  later 

II  20  4800         Died  4th  day.  No  evidence  of 

tetanus 


The  experiments  are  too  few  in  number,  and  the  conditions  under  which 
they  were  carried  out  too  variable — I  refer,  particularly,  to  the  experiments 
synopsised  in  Table  XVII,  p.  152— to  permit  of  any  far-reaching  conclusions 
being  drawn  from  the  results  obtained;  they  are,  nevertheless,  extremely 


suggestive. 


I  would  here  call  attention  to  an  apparent  discrepancy  between  the 
protective  values  of  the  sera  as  shown  in  the  results  indicated  in  Table 
XVII,  p.  152  and  Table  XVIII,  p.  153. 

In  the  experiments  shown  in  Table  XVIII  the  serum  appears  to  exert 
more  marked  protective  influence  than  in  the  experiment  shown  in  Table 
XVII.  This  may  depend  upon  the  fact,  that  the  serum  and  the  infecting 
material  were  inoculated  on  different  days  in  the  first  instance,  and  on  the 
same  day  in  the  second  instance. 

The  obvious  criticism  which  might  be  made  of  these  experiments  is,  that 
the  ratios  of  antitoxin  used  are  so  high,  that  the  figures  are  of  no  import. 
It  must  be  clearly  appreciated,  how^ever,  that  the  conditions  which  determine 
infection  with  B.  teiani  in  the  guinea-pig,  are  almost  certainly  very  different 
from  those  which  determine  infection  in  man.  One  of  the  most  striking 
features  of  the  infection  experiments  which  I  have  performed,  is  the  marked 
degree  of  tissue  debility  that  must  be  induced  to  ensure  infection  in  these 
animals.  It  is  well  known  that  in  unprotected  men,  on  the  contrary,  a  com- 
paratively small  lesion  may  suffice  to  set  up  a  fatal  infection  with  B.  tetani. 

Further,  it  is  very  questionable  w^hat  interpretations  we  should  put  upon 
the  ratios  expressed  in  these  Tables,  for  clearly,  a  dose  of  500  units,  for 
example,  will  only  be  neutrahsed  by  ten  times  the  quantity  of  toxin  required 
to  neutralise  a  dose  of  50  units.  But  man  is  certainly  more  susceptible  to 
tetanus  toxin  (spasmin) — probably  much  more  susceptible — than  the  guinea- 
pig;  and  there  is  some  ground  for  beheving  that  he  is  also  much  more 
susceptible  to  infection.  Therefore  the  ratios  stated  in  Tables  XVII  and 
XVIII  may  not  be  so  fantastic  as  they  appear  to  be. 

11—2 
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Moreover,  the  extent  ot  tlie  exposed  surtaees  in  lar<^<'  wounds  in  men, 
probably  tends  to  make  a  gramme  weight  basis  of  com[)arison  between  man 
and  guinea-pig  a  more  correct  index  of  the  relative  conditions  obtaining  in 
the  two  species,  than  would  a  simple  ''dose  for  dose"  comparison. 

It  is  these  factors  which  make  protection  experiments  in  guinea-pigs, 
when  tested  by  the  infection  method,  extremely  difficult  to  interpret.  For 
with  the  excessive  tissue  destruction  which  is  re(juired  to  ensure  infection 
in  that  animal,  the  tetanus  bacilli  develop  in  a  situation  essentially  outside 
the  body.  By  reason  of  their  development  in  this  situation,  they  are 
protected  from  the  body-fluids,  and  probably  grow  with  extreme  rapidity. 
In  a  certain  number  of  cases  of  the  natural  disease  as  it  occurs  in  man, 
when  the  tissue  lesion  is  less  extensive,  the  contact  between  the  living 
tissue  and  the  organism  may  be  fairly  intimate.  In  such  circumstances 
reaction  to  infection  may  play  a  not  unimportant  part  in  preventing  the 
occurrence  of  the  disease. 

Another  point  which  must  not  be  lost  sight  of,  is,  that  the  concentration 
of  spores  in  the  circumscribed,  though  relatively  large,  devitalised  area,  in 
experimental  infection,  is  much  greater  than  is  likely  to  occur  in  most  cases 
of  natural  infection.  This  will  naturally  tend  to  make  the  experimental 
disease  exhibit  a  fulminating  character;  but  unfortunately,  a  large  number 
of  spores — 200  million  were  used  throughout  the  series  of  tests — appears  to 
be  necessary  to  ensure  infection.  With  small  numbers  one  cannot  be  certain 
of  introducing  a  sufficiency  of  viable  spores,  to  cause  death  of  control  unpro- 
tected animals  within  three  days  from  inoculation. 

The  setting  of  a  time  limit  of  three  days  for  the  controls  is,  of  course, 
arbitrary;  but,  unless  a  short  period  be  taken  for  this  purpose,  the  experi- 
mental error  assumes  serious  proportions,  owing  to  the  number  of  survivals 
which  occur,  even  in  the  control  animals,  when  the  period  between  inoculation 
and  onset  of  the  disease  is  lengthened. 

Conclusions. 

1.  As  one  would  naturally  expect,  the  extent  and  degree  of  tissue  devitali- 
sation  are  an  extremely  important  factor  in  determining  the  occurrence  and 
termination  of  infection  with  B.  tetani. 

2.  If  the  extent  and  degree  of  devitalisation  exceed  certain  limits,  it  is 
certain  that  in  animals — therefore  also  probably  in  man — no  amount  of 
antitoxin  within  practical  limits,  will  give  complete  protection  from  the 
disease. 

3.  There  is  some  evidence  that  the  administration  of  a  large  initial 
prophylactic  dose  of  antitoxin  may  give  adequate  protection  against  tetanus 
to  a  larger  number  of  men  than  a  small  dose.  What  I  mean  is,  that  while  a 
prophylactic  dose  of,  for  example,  500  units,  will  prevent  the  occurrence  of  a 
certain  high  percentage  of  tetanus  cases  among  men,  an  increased  dose  to 
1000  units  would  not  result  in  the  prevention  of  double  the  number  of  cases. 
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It  would,  liowcxcr.  |>i()l);il>Iy  iii(  rciisc  1  lie  ])('rcenta<;e  of  successful  a})])lications 
of  serum  piopliylaxis,  iiltliouuli  the  increase  in  ^x'l'ceutage  may  be  only  small. 


(/)    INVESTIGATION  OV  ANTI-INFECTIVE  PROPERTIES  OF  ANTITOXIC 

AND  ANTI-BACrnORIAL  SERA. 

Iv\|)(  rimcnts  uiidertakeii  to  deteiniiiic 

(i)  Whet  her  (nilih)xic  sera,  cxlubil  anli-injccdre  (inalilies  in  rela- 
(ion  /(>  the  serological  Type  of  the  infecting  bacilli. 

(ii)  Whether  im.frove^nent  in  serum  prophylaxis  way  he  looked  for 
from,  the  OHploynient  of  sera  possessing  anti-bacterial  as  ivell  as  anti- 
toxic properties. 

The  experiments  carried  out  in  vitro  which  were  discussed  in  the  previous 
Section  of  the  Report,  pp.  120-135,  show  that  antitoxic  sera  neither  exhibit 
specific  neutralising  properties  to  the  spasm-producing  toxins  of  the  three 
Types,  nor  do  they  stimulate  phagocytosis  of  B.  tetani.  The  experiments 
did  suggest  however,  that  antitoxic  serum  might,  on  the  contrary,  specifically 
neutralise  the  leucotoxic  quahty  possessed  by  certain  specimens  of  toxin. 

It  seemed  possible,  though  improbable,  that  mono-typical  antitoxic  sera 
might,  under  certain  circumstances,  exhibit  anti-infective  properties  specific 
to  the  Type  of  the  infecting  organism. 

Experiments  were  undertaken  with  a  view  to  investigating  this  point. 

A.    Infection  experiments  in  which  Welohii  toxin  was  used  as 

THE  tissue  DEBILITANT. 

Experiment  VIII. 

Six  guinea-pigs,  1,  2,  3,  4,  5  and  6,  were  used;  animals  1,  2  and  3  each  received  2  c.c. 
normal  rabbit  serum  while  4,  5  and  6  were  passively  immunised  with  2  c.c. — 50  units — of 
the  serum  of  a  rabbit  prepared  with  Type  II  toxin. 

On  the  second  day  after  the  administration  of  the  serum,  200  miUions  of  spores  were 
injected  by  the  intramuscular  route,  together  with  Welchii  toxin.  The  dose  of  Welchii 
toxin  in  each  instance  was  01  c.c.  =  1/2  the  mouse  M.L.D.  of  the  particular  toxin  employed. 
The  details  of  the  experiment  and  the  results  obtained  are  shown  in  the  following  Table. 


Result 

Died  from  tetanus  2nd  day 
after  inoculation 

do.  do. 

do.  do. 

Generalised  tetanus  3rd  day 
Remained  well 
Generalised  tetanus  :^rd  day 


Animal 
No. 

Spores  200  million, 

Welchii  toxin  O-I  c.c., 

volume  =  0-6  c.c. 

Serum  used, 

volume  2  c.c, 

antitoxin 

50  units 

1 

Type 

l 

Normal  rabbit 

2 

j» 

II 

»» 

3 

>> 

III 

>» 

4 

., 

T 

Type  II  antitoxin 

5 

»? 

ir 

., 

6 

„ 

111 

'           »> 
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Experimenl  IX. 

The  result  of  Experiment  VIII  was  encouraging,  and  it  was  therefore 
decided  to  repeat  the  test  with  mice.  In  this  instance,  tlie  antitoxic  sera 
were  mixed  with  the  spores  and  the  Welchii  toxin,  and  all  three  reagents 
were  injected  together.   The  following  are  the  details  of  the  experiment. 

Inocula  {a)  spoils  -  100  million. 

,,       (6)  antitoxin  =  0-0  units. 

„       (c)  Welchii  toxin  =  1/2  mouse  M.L.D. 
Antitoxin  Type  I    =  Horse  13  B.W. 

Type  II  =  Rabbit  1'. 
Inoculation  of  spores,  antitoxin,  and  tissue  debilitant,  made  together. 


Animal 

Spores 

Antitoxin 

Welchii 

No. 

Type 

Type 

toxin 

Result 

1 

I 

Nil — saline  only 

1/2  M.L.D. 

Dead  2nd  day 

2 

II 

»>           »> 

>» 

»» 

3 

III 

»»           >> 

>> 

)> 

4 

I 

Type  1—0-6  units 

»> 

Remained  well 

6 

II 

»»            j> 

»> 

Generalised  tetanus  4th  day 

6 

III 

»»            >> 

>> 

;,                ,,       oth    ,, 

7 

I 

Type  II— 00  units 

»» 

General  tetanus  2nd  day 

8 

11 

>»             )t 

f » 

Remained  well 

9 

III 

»»             >> 

>j 

Generalised  tetanus  3rd  day 

10 

Nil 

Nil 

»» 

111  for  one  day  but  recovered 

Note.  In  the  above  experiment,  the  Type  I  antitoxin  was  obtained  from 
Dr  O'Brien  and  the  vehicle  of  the  antitoxin  was  therefore  horse  serum.  It 
is  not  strictly  comparable  therefore  with  the  Type  II  antitoxin  which  was 
prepared  by  myself — the  vehicle  of  the  antitoxin  being  rabbit  serum.  I  here 
wish  to  record  my  thanks  to  Dr  O'Brien  for  placing  this  serum  at  my  disposal, 
as  my  Type  I  rabbits  were  not  available  for  use  at  that  time. 

The  above  results  are  very  striking,  but  the  experiments  might  justifiably 
be  criticised  on  the  following  grounds: 

1.  It  may  be  purely  a  coincidence  that  the  homologous  animals  survived. 
Admittedly  the  chance  of  such  occurring  is  remote;  but,  in  view  of  the 
complexity  of  the  experiments,  it  cannot  be  excluded. 

2.  Using  the  toxin  of  B.  Welchii — a  biological  reagent — as  the  tissue 
debilitant,  introduces  a  potential  error,  for  it  is  probable  that  not  every 
individual  of  a  species  is  equally  susceptible  to  this  toxin.  Many  attempts 
have  been  made  to  repeat  the  experiment,  but  using  chemical  agents  to  light 
up  the  infection.  None  of  these,  however,  proved  successful;  for,  either  the 
controls  did  not  take  the  disease,  or  the  amount  of  tissue  debilitant  that  had 
to  be  introduced  to  ensure  infection,  resulted  in  the  death  of  a  number  of  the 
animals,  not  from  tetanus,  but  from  poisoning  with  the  chemical  agent 
employed. 
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l\.  Tliojiinoiiiii  (»l  \\  rl('/H'iU)\'\\\  used  -1/2  M.L.I).-  -appears  to  be  oxces.sive; 
l)iit  ;ii;;iiii,  it  is  iicccssaiN'  il  iiilccl  ion  is  lo  occiii"  i'('<i,uhu'ly.  Such  a  large  dose 
of  tissue  (l(>l)ilil;Nil  Iciivcs  but  n  sli^Lilil  niniiiiii  to  allow  of  accidents.  Jn  an 
attempt  to  ovorcoine  certain  of  these  ciit icisnis  the  experiment  was  repeated 
on  i^iiinea-pigs. 

This  test  was  performed  one  week  after  the  completion  of  Ex))eriments 
VITI  iind  IX;  the  same  specimen  of  Wdchii  toxin  was  employed,  in  the  same 
(lose,  /;//  rolutne,  as  before.  When  this  expeiiment  was  carried  out,  1  did  not 
fully  a])preciate  the  rapidity  with  which  Wdchii  toxin  deteriorates.  As  the 
results  of  Experiment  X  show,  this  deterioration  of  toxicity  really  made 
the  test  invalid. 

I  quote  the  experiment  to  illustrate  one  of  the  man}'^  difficulties  which  are 
encountered  in  conducting  infection  experiments  with  B.  le/ani,  and  to 
emphasise  how  very  difficult  it  may  be  to  interpret  the  results  obtained. 

Experiment  X. 

The  details  of  this  experiment  are  shown  as  follows. 

(a)    Animals  =  guinea-pigs. 

(6)    Spores  dose  =  250  million. 

(c)     Welchii  toxin  =  same  dose,  and  same  volume  of  toxin  as  used  in  Experiment  VIII. 

id)    Antitoxin  Type  I    =  Horse  13  B.W. 

(e)  „  „     II  =  Rabbit  Y. 

(/)   Dose  of  antitoxin  =  5  units. 

(g)    Method  of  inoculation  =  Mixtures  made  of   spores,   Welchii  toxin  and  tetanus 

antitoxin,  incubated  for  30  minutes  at  37°  C.  and  injected  simultaneously  by 

the  intramuscular  route. 

Antitoxin 

Result 

Local     tetanus     Qtli     day, 

generalised  14th  day 
General  tetanus  8th  day 
do.  do. 

General  tetanus  10th  day 
Animal  remained  well 
General  tetanus  10th  day 

General  tetanus  10th  day 
Animal  remained  well 
General  tetanus  9th  day 

This  experiment  is  really  valueless,  for  the  time  w^hich  elapsed  between 
making  the  inoculation  and  the  onset  of  the  disease  in  the  control  animals 
Nos.  1,  2,  and  3,  was  so  long,  that  the  passive  immunity  in  the  experimental 
animals  must  have  almost  disappeared. 

I  would  call  attention  to  the  fact,  that  both  animals  5  and  8  remained 
well.  This  suggested  that  Experiment  VIII  should  be  accepted  with  a  certain 
reserve,  as  it  appeared  possible,  that  the  infectivity  of  the  Type  II  spores 
used  might  be  somewhat  less  than  that  of  the  Type  I  and  Type  III  spores. 
In  view  of  the  result  of  Experiment  IX,  I  do  not  think  that  this  was  the 


Animal 

Spores 

Welchii 

Antitoxin 

No. 

Type 

toxin 

5  units 

1 

I 

>> 

Nil — saline  only 

2 

II 

fi          •> 

3 

III 

j»          >^ 

4 

I 

Type  I  antitoxin 

5 

II 

»>           j> 

6 

III 

>>           >» 

7 

I 

Type  II  antitoxin 

8 

II 

>>          >> 

9 

III 

»>          j> 
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case  in  Experiment  VIII,  but  the  possibility  of  such  an  interpretation  of 
the  results  at  any  stage  of  the  investigation,  must  be  borne  in  mind. 

The  experiment  was  then  repeated,  and  on  this  occasion  sufficient  Welchii 
toxin  was  administered  to  cause  swelling  of  the  whole  of  the  inoculated  liml). 
The  result  was  that  none  of  the  animals  survived,  and  the  protected  animals 
took  the  disease  almost  as  soon  as  the  control  animals.  These  tests  on  guinea- 
pigs  and  three  other  tests  which  were  carried  out  on  mice,  convinced  me, 
that  one  could  not  hope  to  obtain  consistent  results  if  Welchii  toxin  were 
employed  as  the  tissue  debilitating  factor  in  the  mixtures,  owing  to  the 
difficulty  of  regulating  the  dose. 

Note.  Experiments  VIII,  IX,  and  X,  and  their  repetitions  were  carried 
out  with  sample  bleedings — two  different  samples  were  used — from  Rabbit  V, 
while  the  animal  was  still  undergoing  immunisation.  Before  the  next  series 
of  tests  was  made  the  animal  had  been  bled  out. 

It  was  at  this  stage  of  the  investigation  that  I  decided  to  change  my 
technique,  and  in  guinea-pigs  at  least,  to  employ  chemical  reagents  as  the 
tissue  debilitant  factor  of  the  infecting  mixtures. 

Several  chemical  agents  were  tried,  but  saponin  gave  the  most  constant 
results,  and  was  fairly  easily  handled,  so  that  this  substance  was  chosen  for 
future  investigations. 


B.    Experiments  in  which  Saponin  was  used  as  the  tissue  debilitant 

AND  the   anti-infective    QUALITY   OF    ANTITOXIN   WAS    UNDER   INVESTI- 
GATION. 

Experiment  XI. 

In  this  experiment  the  animals  were  passively  immunised  with  25  units 
of  antitoxin,  and  two  days  later,  were  inoculated  by  the  intramuscular  route 
with  a  mixture  of  saponin  and  spores. 

(a)    Animals  =  guinea-pigs. 

(6)    Type  I  antitoxin  =  B.W.  Horse  13. 

(c)  „     II        „         =  Rabbit  I'. 

(d)  Antitoxin  dose  =  25  units. 

(e)  „  administered  48  hours  before  inoculations  were  made. 
(/)   Spores  =  200  million. 

ig)    Saponin  =  0-2  c.c.  of  1/200  dilution. 
(h)    Volume  of  infecting  inoculum  =  0-6  c.c. 


nimal 
No. 

Spores 
Type 

1 
2 
3 

I 

II 
III 

4 
5 
6 

I 

II 
III 

7 
8 
9 

I 

II 
III 

Antitoxin 
Saponin  units  25 

0-2  c.c.  1/200     Nil— saline  only 


Type  I 

>> 
>> 

Type  II 


Result 
Generalised  tetanus  2nd  day 


Generalised  tetanus  11th  day 
Generalised  tetanus  3rd  day 
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nimal 

Spores 

No. 

Tspo 

Saponin 

1 

I 

01 

c.c, 

.  of  1/100 

2 

II 

3 

III 

4 

I 

5 

II 

6 

III 

7 

I 

8 

II 

9 

III 

TlHMv\|)(Miin(Mit  was  then  pciloiincd  hy  llic  method  of  rnakin<^  simultaneous 
inoculation  of  .seiuin,  (h'l)iHtant  and  spores.    T\\i\  details  are  as  follows. 

Expcritncnf  XIT. 
{(i)     Aniiuiils       LMiiii('ii-|)iL(s. 
(/>)     SpoiTs       200  million. 
(<;)    Saponin       O-l  v.c.  of  1/100. 

(d)  Antitoxin    -  5  units. 

(e)  Total  voluine  of  inoculum  —  0-()  c.c. 

(/)    Inoculation  of  aniiloxin  and  infecting  mixture  made  .sitinillancously. 
(ff)    Antitoxic^  sera  employed  were  tlu;  same  as  in  Experiment  XI. 

Antitoxin 
ry  units  Result 

Nil — saline  only       Generalised  tetanus  2nd  day 


Type  I  Animal  developed  local  tetanus 

14th,  generalised  15th  day 

„  Generalised  tetanus  .3rd  day 

Type  II  Generalised  tetanus  2nd  day 

»>  >»  j>         4:tn      ,, 

2nd     „ 

That  portion  of  the  experiment  dealing  with  Type  II  antitoxin  was  repeated 
twice  as  the  above  result  did  not  corroborate  Experiments  VIII  and  IX  in 
which  Welchii  toxin  had  been  used  as  the  tissue  debilitant.  Both  experiments 
failed  to  show  definite  protection  against  infection ;  either  general,  in  relation 
to  all  the  Types,  or  specific,  in  respect  of  the  homologous  Type. 

Examination  of  this  serum  showed  that  it  was  contaminated  w^ith  a 
diplococcus.  The  serum  was  filtered,  and  the  experiments  were  discontinued 
until  such  time  as  complete  crossed  experiments  could  be  performed,  using 
both  anti -bacterial  and  antitoxic  sera. 

In  these  experiments  the  following  points  call  for  comment: 

1.  I  failed  to  corroborate  the  findings  of  Experiment  VIII  in  respect  of 
Type  II  serum,  both  when  the  serum  was  administered  before  inoculation  of 
the  infecting  mixture  and  when  it  was  administered  simultaneously  therewith. 

2.  It  is  significant,  on  the  other  hand,  that  Type  I  antitoxin  did  protect 
for  a  much  longer  period  against  infection  with  Type  I  spores,  than  did  Type  II 
antitoxin. 

3.  It  is  remarkable  that  a  dose  of  5  units  of  antitoxin,  w^hen  administered 
simultaneously  with  the  infecting  mixture,  appears  to  give  almost  as  much 
protection  against  infection,  as  does  a  dose  of  25  units  of  the  same  antitoxin 
administered  two  days  prior  to  the  inoculation  of  the  infecting  mixture. 

Before  leaving  this  subject  I  decided  to  repeat  Experiment  VIII,  using 
Type  I  antitoxin,  and  saponin  as  the  irritant.  My  reason  for  so  doing  was, 
that  in  neither  Experiment  XI  nor  XII  did  I  succeed  in  obtaining  an 
unequivocal  result.   In  performing  this  further  experiment,  the  test  animals 
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were  passively  immunised  with  50  units  of  antitoxin  and  were  inoeulated 
with  the  saporiin-spoie  mixture  two  days  later. 

Exferim ent  XIII . 

(a)  Animals  -  guinea-pigs. 

(6)  Spores  -  200  million, 

(f)  Saponi[i   ^  O-l  c  c.  of  1/100  tlihition. 

{(/)  Volume  of  inoculum  =  0-6  c.c. 

(e)  Antitoxin  used  =  B.W.  Horse  13. 

(/)  Dose  of  antitoxin  —  50  units. 

((/)  Antitoxin  administered  two  days  before  infecting  inoculations  wnre  made. 


Animal 

No. 

Spores 
Type 

Saponin 

Antitoxin 
50  units 

Result 

1 
2 
3 

I 

II 
III 

01 

c.c. 

,  of  1/100 
»» 
»» 

Nil — saline  only 
>»                 »t 

General  tetanus  2nd  day 

>»       »»           »> 
»>        >>           »» 

4 

I 

>• 

Type  I  B.W. 

13 

Remained  well  till  12tli  day, 
died      13th,      streptococci 
recovered    from    local    le- 
sions and  internal  organs 

6 

II 

i* 

»» 

Local     tetanus      4th     day, 
generalised  8th  day 

6 

III 

f* 

»t 

Local     tetanus      4th     day. 

generalised  5th  day 

The  following  deductions  seem  permissible  from  experiments  VIII-XIII, 
pp.  155-160: 

1.  That  antitoxic  serum  may  under  certain  conditions  exhibit  anti- 
infective  properties;  and 

2.  While  the  experiments  aft'ord  no  proof  that  a  monotypical  antitoxic 
serum  protects  more  adequately  against  infection  due  to  serologically  homo- 
logous strains  of  the  bacillus  than  against  that  due  to  heterologous  strains,  the 
results  obtained  nevertheless  suggest  that  protection  against  the  homologue  is 
more  adequate. 

These  deductions  are  made  in  a  spirit  of  modesty,  for  one  is  well  aware 
that,  in  infection  experiments,  and  especially  with  the  anaerobes,  even  the 
known  factors  upon  w^hich  the  process  depends  are  very  complex.  Short  of 
obtaining  a  100  per  cent,  result  in  a  considerable  series  of  experiments,  it  is 
rash  to  conclude  that  proof  of  any  thesis  has  been  established. 

Does  serum  possessing  anti-bacterial  properties  exhibit  more  adequate  pro- 
phylactic qualities  than  serum  which  possesses  only  antitoxic  {anti-spasmin) 
properties? 

Note,  While  the  term  "unit"  as  previously  employed  refers  to  the  U.S.A. 
Unit,  I  wish  especially  to  call  attention  to  the  fact  that,  in  the  experiments 
of  the  following  Stib-section,  the  term  "unit"  is  defined  as  "that  quantity 
of  antitoxin  which  will  protect  a  mouse  against  1000  M.L.D.  of  tetanus 
toxin." 
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I'liciiivcstiijjat  ionol  t  liis))i()l)li'iii  iiiN'oKrdjin  iiHjuii}'  iiiiothef()Il()winf!;j)(>iiits: 
(i)     Docs    scMiiiii    |)()s.s('ssiiiLi   (IciiKuisl  i;il)l('   anii-haclerial   (jualities   (ej). 
agj^liit iiiin  and  j)liaii;()c\'l('  si  imiilal  iiil;  piojx'il  ics)  hiil  ol  no,  oi'  only  n('.<^li<i;il)lc 
Jiiititoxic  \ahi(\  (wliibil  an\'  capacity  lor  ])r(5veiitin^  infecJion  !■ 

(ii)  \\'(>  know  Ilia  I  aniitoxin  has  a  certain  anti-infective  power.  Can 
this  bo  enhanced  by  addinjj;  serum  containing  anti-hart  en  al  irnninne  bodies? 
If  antitoxic  (anti-spasmin)  content  be  made  the  l)asis  of  assessinj^  tln^  f)roba})le 
})rophylactic  value  of  sera,  does  a  serum  of  x  "anti-spasmin"  units  wliich  lias 
no  anti-l)acterial  (pialities,  protect  a<j^ainst  infection  as  effectively  as  a  serum 
of  X  "  anti-s])asniiir'  units,  which  does  possess  anti-hacterial  properties? 

(iii)  Can  specific  protection  be  demonstrated  in  vivo  with  such  anti- 
bacterial sera? 

The  consideration  of  these  points  is  of  extreme  import;  for,  should 
any  of  these  ((uestions  be  answered  in  the  affirmative,  the  method  of 
standardising  prophylactic  sera  will  demand  review.  It  is  only  rational  that, 
if  a  satisfactory  method  could  be  devised  for  examining  sera  designed  for 
prophylactic  use,  these  sera  should  be  standardised  on  the  basis  of  prevention 
of  infection,  rather  than  of  intoxication. 

The  first  experiments  made  were  designed  to  corroborate  the  findings 
already  obtained,  and  to  determine  a  method  of  procedure  which  could  be 
satisfactorily  used  for  the  purpose  in  view. 

Experiment  XIV. 

This  experiment  was  carried  out  as  a  preliminary  to  more  careful  and 
exact  tests,  in  which  guinea-pigs  were  to  be  used.  In  this  instance  mice  were 
the  experimental  animals  employed.  The  tissue  irritant  chosen  was  therefore 
Welchii  toxin  and  a  complete  series  of  crossed  tests  was  made,  both  with 
monotypical  antitoxic  and  monotypical  anti-hacterial  sera  corresponding  to 
three  serological  Types  of  B.  tetani. 

The  details  of  the  experiments  are  as  follows: 

{a)  Animals  —  mice, 

(6)  Tissue  irritant  =  Welchii  toxin  <  1/2  but>  1/4M.L.D. 

(c)  Spores  =  100  million. 

(d)  Inoculation  —  Sub  cutem. 

(e)  Antitoxic  sera  dose  —  1  "unit." 

(/)    Anti-bacterial  sera  dose  =  antitoxic  content  of  <  1  "unit"  and  >  1/2  "  unit." 
(g)    Sera  administered  one  day  prior  to  inoculation  of  the  infecting  mixtures. 
{h)    Volume  of  infecting  inoculum  —  0-2  c.c. 

Type  I  Spores. 

Died  5th  day,  no  evidence  of  tetanus 
Remained  well 

»>  >> 

Died  2nd  day — ?  tetanus 

>>  »>  »> 

Remained  well 

Died  2nd  day — ?  tetanus 


1. 

Welchii  toxin  nil 

Serum 

nil 

2. 

Welchii  toxin 

+  serum  nil 

3. 

>»           »> 

+  Type 

!  I  antitoxin 

4. 

,,           ,, 

-i- 

TI       „ 

5. 

•  •           '? 

+     „ 

III      „ 

6. 

?'           »> 

+     „ 

I  anti-hacterial 

7. 

,,           ,, 

-i- 

n 

8. 

?»           >» 

+     „ 

III      „ 

\&2 


Type  IT  Spores. 


1. 

Welchii 

toxin  ail 

Serum 

nil 

Komained  well 

»> 

Welchii 

toxin 

>> 

Definite  tetanus  3rd  day,  died 

X 

,, 

+  Type 

I  antitoxic  serum 

Definite  tetanus  4tli  day 

4. 

,, 

+     „ 

11          „         „ 

Remained  well 

5. 

,, 

+     » 

in      „      » 

»>             >» 

G. 

•» 

+     „ 

I  a nti -bacterial  serum 

»>             »» 

7. 

+     » 

H 

»»             >» 

8. 

♦' 

+     „ 

in      „ 

Type  III  Spores 

Dtifinite  tetanus  3rd  day 

1. 

1. 

Nil 

Nil 

Died  4th  day,  no  evidence  of  tetanu 

2. 

H^e/(^^ti 

toxin 

>» 

Definite  tetanus  3rd  day 

3. 

+  Typ€ 

I  antitoxic  serum 

»t             t* 

4. 

+     „ 

II 

>>             »» 

5. 

+     », 

III        „ 

Remained  well 

G. 

+     ,. 

I  anti-bacterial  serum 

Died  3rd  day,  ?  evidence  of  tetanus 

7. 

+     „ 

11 

Remained  well 

8. 

+     „ 

III         „ 

>>             »> 

The  results  of  Experiment  XIV  may  be  summarised  thus: 

(i)  Of  those  animals  which  received  spores  homologous  to  antitoxic 
sera  employed,  all  three  remained  well. 

(ii)  Of  six  which  received  spores  heterologous  to  the  antitoxin  three 
developed  definite  tetanus  and  died;  two  others  died  but  evidence  of  death 
from  tetanus  was  lacking,  and  one  remained  well. 

(iii)  Of  nine  animals  which  received  anti-bacterial  sera,  one  showed 
definite  tetanus ;  two  died  but  evidence  of  tetanus  was  lacking,  and  six  remained 
well. 

Considering  that  the  unitage  of  the  anti-bacterial  sera  in  the  above  experi- 
ment was  certainly  less  than  that  of  the  antitoxic  sera,  it  is  notable  that  so 
many  survivals  occurred  among  the  animals  protected  with  the  former. 

The  section  of  the  experiment  which  deals  with  Type  I  spores  is,  however, 
really  valueless,  in  that  infection  did  not  "take"  in  the  control. 

If  then  we  consider  only  those  sections  of  this  experiment  which  deal  with 
Type  II  and  Type  III  spores,  it  is  seen  that 

(a)  Of  six  mice  protected  with  antitoxic  sera,  three  developed  tetanus 
and  three  remained  well. 

Two  of  the  surviving  mice  were  protected  by  sera  homologous  to  the 
infecting  organisms;  in  one  the  infection  was  heterologous. 

(b)  Of  six  animals  protected  by  anti-bacterial  sera,  only  one  developed 
tetanus  and  four  remained  well.  One  mouse  died  on  the  third  day  after 
inoculation  but  evidence  of  death  from  tetanus  was  lacking.  Both  of  those 
in  which  the  sera  and  the  infecting  organisms  were  homologous  were  included 
among  the  four  mice  which  remained  well. 

Here  again  is  a  suggestion,  but  no  proof,  that  monotypical  antitoxic  sera 
may,  under  certain  circumstances,  exhibit  a  specific  influence  on  infection 
from  serologically  homologous  bacilli. 
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(r)  TIkmp  is  iilso  all  indication  that  anti-bacterial  sera  exhibit  more 
adequate  ant  i- 1  )i  feel  ire  |)i()j)('ii  ics  than  do  (uititoxic  sera,  ])rovided  that  the 
^'anti-spasmiiT'  vahie  of  the  sera  he  made  the  basis  of  comparison. 

Note.  There  is  some  <2;r()und  for  Ixdievinj^  that  mice  are  not  very  susceptible 
to  tetanus  infection.  When  these  animals  are  employed,  the  assessment  of 
the  results  obtained  is  rendered  es})ecially  difiicult. 

Far-reaching  conclusions  cannot  be  drawn  from  the  results  obtained. 

The  above  experiment,  which  lays  no  claim  to  strict  accuracy,  was  valuable 
however,  in  that  it  served  to  indicate  how  to  proceed  further  and  showed 
that  the  thesis  advanced  was  worthy  of  extended  investigation. 

Henceforth  guinea-pigs  only  were  employed  as  the  experimental  animals, 
and  the  irritant  used  was  saponin.  More  reliable  results  could  be  expected 
with  this  technique,  than  when  mice  and  Welchii  toxin  were  used. 

Experiment  XV. 

This  experiment  was  carried  out  to  determine  whether  anti-bacterial  sera, 
possessing  little  or  no  antitoxic  properties,  would  protect  against  infection. 
Sample  bleedings  were  made  from  Kabbits  III,  IIF  and  III",  "anti-whole 
culture"  serum  to  Types  I,  II  and  III  respectively.  These  sera,  retained  from 
a  previous  investigation,  showed  some  phagocytic  properties  when  diluted 
1/200,  and  their  antitoxic  value  was  equal  to  about  2  "units"  per  c.c.  With 
these  serum  samples  the  following  experiment  was  carried  out. 

(a)  Animals  =  guinea-pigs. 

(6)  Spores  =  200  million. 

(c)  Tissue  irritant  =  0-1  c.c.  of  1/100  saponin. 

(d)  Inoculation  =  intramuscular. 

(e)  Anti-bacterial  sera  Type  I,  Type  II  and  Type  III  (equivalent  of  1  "  antj-spasmin  " 

"unit"  used). 
(/)    Antitoxic  serum  =  Type  I  (equivalent  of  6  "anti-spasmin"  "units'  used). 
{g)    Sera  administered  one  day  prior  to  inoculation  of  infecting  mixture. 
{h)    Volume  of  infecting  inoculum  —  0-6  c.c. 

Serum 
Nil 


6  "units"  Type  I  antitoxic 

>>  5>  >> 

)»  J>  J> 

1  "unit"  Type  I  anti -bacterial 

y.  »>  »» 

>»  >>  »> 

1  "unit"  Type  II  anti -bacterial 
»>  >>  »' 

»»  jj  '» 

1  "unit"  T^'pe  III  anti -bacterial 


Animal  No. 

Spores 

1 

I 

2 

II 

3 

III 

4 

I 

5 

II 

6 

III 

7 

I 

8 

II 

9 

III 

10 

I 

11 

II 

12 

III 

13 

I 

14 

II 

15 

III 

Result 

General  tetanus  4th  day 

>> 

>» 

3rd    „ 

Animal 

remained  well 

General  tetanus  7th  day 

j> 

3rd    „ 

>> 

7th    „ 

jj 

3rd    „ 

»j 

3rd    „ 

»» 

3rd    „ 

)* 

4th    „ 

tt 

2nd   „ 

>» 

3rd    „ 

>> 

3rd    „ 

>> 

2nd   „ 
3rd    „ 
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Experiment  XV  shows  tliat  sera  which  possess  anti-hactenal  properties 
will  not  serve  to  prevent  a  fatal  issue  in  an  experimental  infection  set  up 
by  the  method  described,  if  the  sera  do  not  also  possess  sufficient  antitoxic 
ijualities. 

This  fact  was  confirmed  by  investigations  made  with  ajiglutinatin*^  sera 
which  possessed  no,  or  negli<'ible  antitoxic  cjualities.  These  also  failed  to 
prevent  infection  under  the  conditions  of  the  ex|)eriment. 

I  wish  to  call  attention  to  the  survival  of  the  control  animal  which  received 
Type  111  spores,  in  view  of  such  survivals,  extreme  care  nmst  be  exercised 
in  drawing  conclusions  from  the  results  of  these  tests. 

Experiment  XV  was  repeated  with  a  modified  technique;  serum  and  in- 
fective material  being  injected  simultaneously,  and  only  anti-bacterial  sera 
used.   The  quantity  of  each  serum  used  contained  1  "unit"  of  antitoxin. 

The  result  of  this  experiment  showed,  that  even  under  these  conditions, 
the  anti-bacterial  sera  did  not  exert  demonstrable  anti-infective  qualities  in  the 
experimental  infection  set  up  by  the  method  described. 

This  result  was  somewhat  unexpected;  but,  when  it  is  borne  in  mind  that 
saponin  has  an  extremely  deleterious  influence  on  all  the  tissues,  and  is  very 
markedly  haemotoxic,  this  can  be  readily  understood.  For,  during  the  first 
day  or  two  after  inoculation,  B.  tetani  develops  virtually  outside  the  body, 
and  may  elaborate  enough  toxin  to  kill  the  animal  before  sufficient  local 
reaction  is  set  up  in  the  tissues  to  deal  with  the  process  of  infection.  If  it  were 
possible  to  combat  this  initial  intoxication,  and  at  the  same  time  favourably 
influence  the  tissues  to  deal  with  the  local  infective  process,  better  results 
might  be  obtained. 

With  this  object  in  view  the  following  experiment  was  undertaken. 


Experiment  XVI. 

Four  guinea-pigs,  A,  B,  C  autl  D,  each  received  20  "units"  of  Type  III  antitoxin 
i.e.  antitoxin  prepared  by  inoculation  of  the  toxin  of  Type  III  bacilli). 

The  following  day 

A  was  inoculated  with  a  mixture  of  saponin  and  Type  I  spores. 

-^  ;>  j»  >>  »>         -•■  ?> 

n  TTT 

'-'  >>  »»  y»  )>         XXX     ,, 

■^  >>  ;»  )»  J»         XXX     J, 

Two  days  were  allowed  to  elapse  and  then, 

A  was  given  a  dose  of  2  '"units"  of  Type  III  anli-badcrkd  serum. 
B         „  „        2  „  ,,         antitoxic  „ 

C  ,,  ,,        2  ,,  ,,         anti -bacteria  I      ,, 

D         ,,  ,,2  ,,  ,,         antitoxic  ,, 

Animals  A,  C  and  D  remained  well,  while  B  developed  generalised  tetanus 
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six  (1ji\\s  alter  the  inoculation  of  1  lie  iiilcclivc  ini.xtuic.    In  1  hi.s  experiment 
ihon, 

(d)    'l\\r  jtiiiin.il  wliicli  icccixcd  /loiiiohx/oiis  aiilifoxin  smvivcd. 
{!))    'Vhc  animal  u  liicli  received  only  helerohxjniM  antitoxin  died  from  tetanus. 
{(•)     Both  animals,  wliieli  on   1  lu;  second  day  after  inoculation  of  infective;  material 
received  a  dose  of  (iiili-hdclrridl  serum,  recovered. 

In  this  experiment  too  lai<i;c  an  initial  dose  of  antitoxin  was  used  to  permit 
of  its  being  satisfactorily  demonstrated  that  anti- bacteria  I  sera  possess  more 
adeijuate  anti-mfective  properties  than  do  antitoxic  seia. 

In  Experiment  XVII  an  effort  was  made  to  overcome  this  difficulty  by 
using  a  smaller  dose  of  serum. 

Exj)erimenl  XV IT. 

Four  guinea-pigs  A,  B,  C  and  D  were  passively  immunised  as  follows: 

A  received  12  "units"  of  Type  III  antitoxic  serum 

B        .,  ()  „  ,,  „  +4  "units"  of  TypeIIIaw^i-6ac^ena/ serum 

C        ,,        12  „  ,,         antitoxic  serum 

D        ,,  G  ,,  ,,  „  +  4  "units"  of  a«h*-6adena^  serum 

The  following  day  A  and  B  were  each  inoculated  intramuscularly  with  a 
mixture  of  saponin  0-1  c.c.  of  1/100  and  Type  I  spores  200  million,  total 
volume  0-6  c.c.  C  and  D  each  received  a  similar  inoculation,  but  with 
Type  III  instead  of  Type  I  spores. 

Animal  A  developed  local  tetanus  on  the  third  day  after  inoculation,  the  disease  being 
generalised  on  the  fifth  day. 
,,      B  developed  local  tetanus  on  the  fifth  day  which  generalised  on  the  sixth  day. 

„      C  developed  local  tetanus  on  the  third  day,  general  tetanus  supervening  on  the 
following  day. 

„      D  remained  well. 

This  experiment  definitely  showed  that  anti-hacterial  sera  were  worthy  of 
extended  investigation. 

I  would  call  attention  to  the  fact,  that  Experiments  XVI  and  XVII 
illustrate  a  further  difficulty,  which  has  so  far  not  been  overcome,  viz.  that 
the  bacilli,  from  a  given  number  of  spores,  are  not  always  equally  toxogenic. 
In  Experiment  XVI,  Animal  B  (inoculated  with  Type  I  spores),  although  it 
received  in  all  22  "units"  of  antitoxin,  developed  generahsed  tetanus  six  days 
after  inoculation.  Whereas  in  Experiment  XVII  when  the  same  spores,  but 
only  half  the  quantity  of  the  same  antitoxin,  were  used,  generalised  tetanus 
developed  only  one  day  earlier — the  fifth  day — preceded  by  local  tetanus  for 
a  period  of  two  days.  In  Experiment  XVII  then,  the  Type  I  spores  did  not 
appear  to  be  so  toxogenic  as  in  Experiment  XVI. 

In  order,  finally,  to  examine  this  subject,  a  complete  series  of  experiments 
was  carried  out.  Great  care  was  taken  to  standardise  the  reagents  as  accurately 
as  the  equipment  of  my  laboratory  would  permit,  and  to  carry  out  the  experi- 
ments under  standard  conditions  as  far  as  possible. 

The  following  are  the  protocols  of  experiments  carried  out  with  the  specimen 
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bleediii*^s  of  antitoxic  and  anti-bdcterial  seru.    'I'lie  sera  were  staiulardised  with 
fair  ac'curaey  before  the  tests  were  performed. 

As  it  was  not  possible  to  carry  out  the  entire  experiment  with  all  six  sera 
— three  antitoxic  and  three  anti-bacterial — on  the  same  day,  the  experiment 
had  to  be  divided  into  three  sections.  Each  section  deals  with  the  investigation 
of  the  anti-infective  value  of  all  the  sera  in  respect  of  only  one  Type  of  spores. 

Methods  used. 

(1)  The  basis  of  comparison  for  the  sera  was  their  antitoxic  value.  This 
was  standardised  as  accurately  as  possible;  but  no  doubt  slight  differences 
existed  between  the  real  and  the  estimated  unitage  of  each.  1  was  unable  to 
obtain  any  standard  U.S.A.  toxin  with  w^hich  to  perform  the  preliminary 
tests  and  therefore  had  to  adhere  to  the  "  mouse  M.L.D. "  method  of  standardi- 
sation. Such  differences,  however,  do  not  really  affect  the  results,  as  the 
same  ratio  obtains  in  each  experiment  of  the  series. 

(2)  The  quantity  of  antitoxin  provisionally  decided  upon  was  10  units. 

(3)  The  sera  were  injected  suh-cutem  into  the  right  hind  limb. 

(4)  One  hour  after  the  administration  of  the  sera,  a  mixture  consisting 
of  0-1  c.c.  1/100  dilution  of  saponin  +  200  million  spores  suspended  in  0-6  c.c. 
of  saline,  was  injected  intramuscularly  into  the  left  hind  limb. 

(5)  The  animals  employed  were  guinea-pigs. 

(6)  The  volume  of  serum  administered  in  each  instance  was  made  up  to 
2  c.c.  by  the  addition  of  normal  rabbit  serum.  (The  antitoxic  and  anti- 
bacterial sera  used  in  these  experiments  were  obtained  from  later  bleedings 
from  the  same  rabbits  as  were  used  in  the  experiments  described  in  Section  IV.) 

(7)  The  site  of  the  inoculation  where  the  saponin  spore  mixture  was 
injected  was  dried  with  alcohol  and  sealed  with  collodion.  This  precaution  is 
essential,  because  of  the  danger  of  secondary  infection  from  the  animal  cage, 
bedding,  etc.  This  danger  is  enhanced  by  the  tissue  devitalisation  produced 
by  the  saponin. 

Experiment  XV 1 11. 

(a)    Type  I  spores  used. 

(6)    Antitoxic  titre  of  each  serum  tested — 10  "units." 

Result 
Died  from  tetanus  3  days  after  inoculation 

Local  tetanus  developed  8rd  day;  persisted 

for  8  days.   Thereafter  the  animal  slowly 

recovered 
Local  tetanus  developed  3rd  day;  persisted 

for  over  three  weeks 
Local  tetanus  3rd  day;  generalised  on  4th; 

animal  killed 
Animal  remained  well 

Local   tetanus  3rd   day;   generalised   4th; 
animal  killed 

Local    tetanus   4th   day;    generalised   5th; 
animal  killed 


mber 

Serum 

1 

Normal  rabbit  serum  2  c.c. 

2 

Type  I  antitoxic  serum 
10  "units" 

3 

Type  II  antitoxic  serum 
10  "units" 

4 

Type  III  antitoxic  serum 
10  "units" 

5 

Type  I  anti -bacterial  serum 
10  "units" 

6 

Type  II  anti-bacterial  serum 
10  "units" 

7 

Type  III  anti-bacterial  serum 
10  "units" 
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2  and  :; 

upon.) 

Number 

1 
2 

3 
4 


Experiment  XIX. 
Typo  II  sporos  used. 

Antitoxic  content  of  <'iich  sciinn — 7-5  "  unitH."   (In  view  of  the  survival  of  animals 
ill   l']\|)('riin('iit  XVIII  the  sniallc?-  doKc     7-5  *' unitH  of"  ant  itoxin  - -was  decided 


Scrum 
Normal  rabbit  scrum  2  c.c. 
Typo  I  antitoxin  7-5  "units" 

Typo  II  aniiioxin  7-5  "units' 

Type  III  antitoxin  7-5  "units' 


Type    I    anti-bacterial    scrum 
7-5  "units" 

Typo   II   anti -bacterial   serum 
7-5  "units" 

Type  III  anti -bacterial  serum 
7-5  "units" 


Result 
Died  Iroin  tetanus  3  days  after  inoculation 
Local    t(;t;uiuH    3rd    day;    gcneraliHcd   4th; 
animal  killed 

Local  tetanus  3rd  day;  generalised  4th; 
animal  killed 

Local  tetanus  3rd  day;  both  hind  legs 
tetanised  from  5th-12th  day;  animal 
commenced  to  use  both  hind  limbs  17th 
day;  recovered 

Local  tetanus  3rd  day;  generalised  4th; 
animal  killed 

Remained  well 

Local  tetanus  3rd  day;  generalised  4th; 
animal  killed 


Experiment  XX. 
{a)    Type  III  spores  used. 
(6)    Antitoxic  content  of  each  scrum — 10  "units." 

[The  higher  dose  of  antitoxin  was  reverted  to  in  this  instance,  as  previous 
experiments  with  Type  III  spores  had  indicated  that  these  were  probably 
markedly  toxogenic] 


Number 
1 


Serum 
Normal  rabbit  serum  2  c.c. 

Type  I  antitoxin  10  "units" 

Type  II  antitoxin  10  "units" 

Type  III  antitoxin  10  "units" 


Type    I    anti -bacterial    serum 
10  "units" 


Type   II   anti -bacterial   serum 
10  "units" 

Type  III  anti -bacterial  serum 
10  "units" 


Result 

Local  tetanus  2nd  day;  generalised  tetanus 
3rd  day;  kiUed 

Local  tetanus  2nd  day;  generahsed  tetanus 
3rd  day;  killed 

Local  tetanus  3rd  day;  did  not  generalise; 
remained  for  10  days;  thereafter  animal 
slowly  recovered 

Local  tetanus  3rd  day;  did  not  generalise; 
remained  for  10  days;  thereafter  animal 
slowly  recovered 

Local  tetanus  3rd  day;  did  not  generahse; 
remained  for  8  days;  thereafter  slowly 
recovered 

Local  tetanus  3rd  day;  generalised  4th  day; 
animal  killed 

Local  tetanus  3rd  day;  generalised  4th  day; 
animal  killed 


This  result  fails  to  corroborate  Experiments  XVIII  and  XIX.  Animals 
3  and  5,  although  only  immunised  with  heterologous  sera,  survived  for  a 
longer  period  than  the  animal  which  received  homologous  anti-hacterial  serum. 

It  is  to  be  noted  that  animals  3,  4  and  5  were  all  very  small  guinea-pigs; 
they  exhibited  the  same  markings,  and  appear  to  have  been,  though  the 
evidence  is  not  definite,  from  the  same  litter.  It  has  been  noted  through- 
out the  whole  series  of   infection   experiments  that   small  guinea-pigs    are 
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less  susceptible  and  «^ive  less  constant  results  than  lar<ier  animals.  This 
})r()bal)ly  because  it  is  more  difficult  to  ensure  an  intramuscular  injection 
being  made  when  the  animals  are  small.  Attention  is  therefore  esj)ecially 
called  to  the  fact  that  these  animals  which  survived  in  Experiments  XVill 
and  XIX  were  comparable  to  those  which  died  in  Experiment  XX.  Owing 
to  lack  of  aninuils,  I  was  unable  to  obtain  nine  which  were  really  comparable 
to  one  another. 

A  further  series  of  experiments  was  therefore  carried  out  using  larger 
animals.   The  animals  in  each  test  were  of  approximately  ecjual  weight. 

Owing  to  a  shortage  of  guinea-pigs  these  tests  were  confined  to  an  examina- 
tion of  three  sera  only,  each  serum  being  examined  in  triplicate,  so  that  a 
range  of  unitage  could  be  employed  in  the  investigation  of  each. 

The  sera  examined  were: 

(a)    Antitoxic  serum  =  Type  III. 
(h)    Anti-bacterial  serum  =  Type  II. 
(c)    Anti-bacterial  serum  =  Type  III. 

Experiment  XXL 
The  details  of  this  experiment  are  as  follows: 

(a)  Animals  =  guinea-pigs  of  approximately  350  grams. 

(6)  Spores  =  Type  111—200  million. 

(c)  Anti-spasmin  "unitage"  in  each  case,  9,  12  and  15. 

{d)  Irritant  =  Saponin,  1/100,  0-1  c.c. 

(c)  Volume  of  inoculum  =  0-G  c.c. 

(/)  Serum  administered  one  hour  before  injection  of  spore-saponin  mixture. 

In  this  experiment,  the  anti-bacterial  value  of  the  sera  employed  remained 
constant  in  each  test,  the  equivalent  of  G  "units."  The  balance  of  antitoxin 
was  made  up  of  3,  6  and  9  U.S.A.  Units  of  a  polyvalent  antitoxic  horse  serum 
marked  L.I.P.M.  136  A. 

The  following  were  the  results  obtained 

Animal 
No. 

1 


Serum  administered 
6  "units"  Type  III  antitoxin  (rabbit), 
3  units  L.I.P.M.  LSGA 

2  6  "units"  Type  III  antitoxin  (rabbit), 

6  units  L.I.P.M.  130  A 

3  G  "units"  Type  III  antitoxin  (rabbit), 

9  units  L.I.P.M.  \m K 

4  C  "units"  Type  II  (rabbit)  a nti -bacterial, 

3  units  L.L P.M.     136  A 

5  6  "units"  Typo  II  (rabbit)  ant i -bacterial, 

6  units  L.L  P.M.  136  A 

6  6  " units "  Type  II  (rabbit)  anti -bacterial, 

9unitsL.LP.M.  136A 

7  6  "units"  Type  III  (rabbit)  anti -bacterial, 

3  units  L.L  P.M.  136  A 

8  6  "units"  Type  III  (rabbit)  a  nti -bacterial, 

6  units  L.LP.M.  136  A 

9  6  "units"  Type  III  (rabbit)  anti-bacterial, 

9  units  L.I.P.M.  136  A 


Spores 
Type  III 


Result 
General  tetanus  2nd  day 


Local  tetanus  2nd  day 
General  tetanus  4th  day 
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Thix  ox])oriinoiit  will  be  c;omin(Mil('(l  on  hitc.r;  but  1  wish  to  cjill  attention 
lo  the  soniewliat  longer  survival  of  animal  i)  as  compared  with  animals  3  and  G. 

Experiment  XXJJ. 

In  <ln.s  ex])oriinent  tliouujli  similai' to  the  previous  one  horse  serum  was 
not  jidded  to  bring  u])  the  desired  (inli-spasmin  content  of  the  and- bacterial 
sera.  Both  anti-siiasmin  and  anti-bacterial  content  therefore  varied  pari 
passu  one  with  the  other. 

The  details  of  the  test  are  substantially  the  same  as  those  of  Experiment 

XXI  but  10,  20  and  30  "units"  were  employed  instead  of  9,  12  and  15. 

Aiiimal 
No.  Serum  administered 

1  Type  III  rabbit  antitoxin  10  "units" 

2  Typo  III  rabbit  antitoxin  20  "units" 

3  Type  III  rabbit  antitoxin  30  "units" 

4  Type  II  rabbit  anti -bacterial  10  "units" 

5  Type  II  rabbit  anti-bacterial  20  "units" 
0  Typo  II  rabbit  anti -bacterial  30  "units" 

7  Type  III  rabbit  anti -bacterial  10  "  units  " 

8  Type  III  rabbit  anti-bacterial  20  "  units  " 

9  Type  III  rabbit  anti -bacterial  30  "  units  " 

I  shall  not  comment  on  these  results  beyond  calling  attention  to  the  fact, 
that  it  is  obvious,  that  if  specificity  of  reaction  between  serum  and  organism 
exists,  it  is  obviously  quantitative.  Experiments  XVIII,  XIX,  XX,  XXI  and 

XXII  all  show  the  difficulty  of  realising  the  conditions  necessary  for  the 
demonstration  of  specificity. 

SYNOPSIS  OF  RESULTS  OBTAINED  IN  SECTION  V  (pp.  135-169). 

The  results  obtained  in  the  Section  of  the  Report  at  present  under  con- 
sideration may  be  summarised  thus : 

1.  The  genesis  of  tetanus  infection  induced  by  experimental  methods 
depends  very  largely  upon  the  degree  and  extent  of  the  tissue  debility  produced 
by  the  inoculum. 

2.  The  nature  of  the  tissue  debilitant  employed  for  setting  up  infection 
is  an  important  factor  in  this  connection;  for  a  debilitant  which  lights  up 
infection  in  one  animal  species  may  fail  to  do  so  in  another.  Thus,  when 
mice  are  inoculated  with  mixtures  of  saponin  and  tetanus  spores,  these  animals 
only  occasionally  develop  the  disease.  On  the  contrary,  when  guinea-pigs 
are  inoculated  with  such  mixtures  they  seldom  survive,  the  onset  of  the 
disease  being  usually  early  and  its  character  fulminant. 

3.  The  quality  of  the  tissue  debility  induced  is  also  of  paramount  impor- 

12—2 


Spores 

Result 

Type  III 

General  tetanus  2nd  day 

»> 

»>             >>             »» 

3rd  day 
2nd    „ 

>5                                  >>                                   >> 

Local  tetanus  3rd  day 
General  tetanus  4th  day 

Local  tetanus  2nd  day 
General  tetanus  3rd  day 

Local  tetanus  2nd  day 
General  tetanus  3rd  day 

>> 

Local  tetanus  3rd  day 
General  tetanus  4th  day 
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tance  in  the  genesis  of  infection.  Thus  trimethylamine,  even  though  it  be 
used  in  sufficient  concentration  to  cause  the  development  of  hir«;e  eschars  at 
the  site  of  inoculation,  when  injected  together  with  tetanus  spores  into  mice 
only  infrequently  lights  up  the  disease;  whereas  the  toxin  of  B.  Welchii, 
injected  in  sub-lethal  dose  together  with  the  same  spores,  almost  invariably 
sets  up  tetanus  in  these  animals,  notwithstanding  the  fact  that  no  obvious 
lesion  could  be  demonstrated  ante-mortem. 

4.  In  animals  protected  by  antitoxin,  a  rapidly  fatal  tetanus  infection 
can  be  induced,  provided  that  the  spore-containing  inoculum  produce  a 
sufficient  degree  of  tissue  debility  of  tlie  requisite  character. 

5.  In  the  case  of  infections  arising  from  Type  I  and  Type  II  spores 
(Type  III  spores  were  not  included  in  the  test),  it  was  shown  that  in  guinea- 
pigs,  by  increasing  the  prophylactic  dose  of  antitoxic  serum,  the  onset  of  the 
disease  can  be  delayed  and  its  course  can  be  rendered  less  acute.  If  the 
increase  of  prophylactic  dose  be  sufficient,  antitoxic  serum  may  completely 
protect  these  animals  against  an  infection  induced  by  the  inoculation  of 
"saponin-spore"  mixture. 

6.  There  is  some  evidence  that  monotypical  antitoxic  sera  protect  more 
adequately  against  infection  with  bacilli  which  are  serologically  honwlogous, 
than  against  infection  due  to  bacilli  which  are  serologically  heterologous. 

Admittedly,  the  experimental  evidence  of  this  is  only  suggestive,  and  this 
deduction  is  made  with  great  reserve. 

7.  The  experiments  on  the  relative  prophylactic  value  of  antitoxic  and 
anti-hacterial  sera  prove  that  this  subject  is  worthy  of  careful  investigation. 

8.  Experiments  XVIII  and  XIX  (pp.  166,  167)  in  which  Type  I  and 
Type  II  spores  were  used,  strongly  suggest  that  sera  possessing  anti-hacterial 
as  well  as  antitoxic  properties  protect  more  adequately  than  do  sera  exhibiting 
only  antitoxic  properties.  The  evidence  of  specific  protection  in  relation  to 
the  serological  T3rpe  of  the  infecting  organism  appears  also  to  be  definite 
in  these  two  experiments. 

9.  Experiment  XX  (p.  167),  in  which  Type  III  spores  were  used,  failed  to 
corroborate  this  finding.  The  experiment  is  however  interesting,  in  that  it 
indicates  that  there  is  a  considerable  variation  of  susceptibility  to  tetanus 
infection  among  animals  of  one  species. 

10.  Experiments  XXI  and  XXII  (pp.  168,  169)  give  a  very  slight 
indication  that  in  the  case  of  Type  III  also,  anti-hacterial  serum  affords 
more  adequate  protection  than  does  antitoxic  serum.  There  is  also  a  sugges- 
tion in  the  results  obtained  that  the  protection  is  specific. 

• 

DISCUSSION  OF  THE  RESULTS  OF  EXPERIMENTS  OF  SECTION  V. 

It  is  difficult  to  comment  upon  the  results  obtained  in  Section  V,  for, 
although  suggestive,  they  fall  very  far  short  of  establishing  the  validity  of 
the  thesis  advanced.   I  wish  then  formally  to  call  attention  to  the  fact  that 
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any  deductions  which  have  been  duiwn  lioni  Ihe  results  so  far  obtained,  are 
to  be  rej^arded  as  only  provisional  in  character. 

The  lollowinij,  ciil  icisins  aic  a|>|»li(  able  to  1  lie  experiments  described. 

{(()  The  nuinbei"  of  ('\])('riin(Mils  ijcrlornicd  is  loo  small  to  permit  of 
delinite  information  bein<^  obtained  on  llic  points  at  issue, 

(h)  The  method  emj)loye(l  I'oi-  settin*;  uj)  infection  is  unsatisfactory 
for  the  following  reasons. 

(i)  To  set  up  tissue  destruction  or  debility  by  means  of  saponin  is  a 
highly  artificial  procedure. 

(ii)  The  disturbance,  which  must  be  produced  when  this  reagent  is  the 
debilitant  employed,  is  so  great  (if  infection  in  the  control  animals  is  to  be 
assured),  that  it  is  extremely  difficult  to  protect  against  infection,  even  when 
relatively  enormous  doses  of  serum  are  used  prophylactically. 

This  large  amount  of  tissue  destruction  really  means  that  the  inoculated 
spores  develop  in  a  situation  relatively  remote  from  the  body-fluids,  and  in 
such  circumstances  may  be  protected  from  immune  bodies  circulating  in  the 
blood  or  lymph.  As  the  germinated  bacilli  continue  to  develop  toxin,  any 
antitoxin  that  is  administered  may  ultimately  be  exhausted,  and  tetanus 
supervenes. 

The  method  which  one  is  forced  to  employ  has  therefore  grave  disadvan- 
tages, and  leads,  probably,  to  too  severe  a  test  being  applied  to  the  sera 
examined. 

(iii)  It  is  obvious  that  a  standard  method  of  infection  is  an  unattainable 
ideal,  for  spores  certainly  vary  in  respect  both  of  their  toxogenic  capacity  and 
of  their  infective  capacity. 

It  is  to  be  noted  that  the  two  factors  of  toxogenicity  and  infectivity  are  not 
identical,  for  the  spores  from  some  cultures  which  have  a  relatively  low 
toxin  content  may,  under  certain  circumstances,  be  more  highly  infective 
than  are  spores  from  a  culture  of  greater  toxicity. 

(iv)  When  all  other  sources  of  error  which  render  comparative  experi- 
ments of  the  kind  under  consideration  difficult  to  carry  out  are  eliminated, 
there  remain  two  factors  w^hich  never  can  be  standardised. 

(a)    The  test  animals  will  always  exhibit  idiosyncrasy. 

(h)  The  toxogenic  capacity,  and  also  probably  the  infective  capacity,  of 
a  single  strain  of  B.  tetani  varies  from  culture  to  culture. 

A  very  important  question  arises  in  connection  with  this  section  of  the 
work,  viz.  "Can  we  hope  for  any  improvement  in  the  serotherapeutics  of 
declared  tetanus  by  the  use  of  anti-bacterial  sera?" 

While  it  is  unfortunately  probable  that  this  question  will  have  to  be 
answered  in  the  negative,  experiments  dealing  with  the  problem  will  have 
to  be  undertaken. 

These  experiments  cannot  be  carried  out  until  larger  quantities  of 
anti-bacterial  sera  are  available;  but  arrangements  are  now  being  made 
for  the  immunisation   of  horses    against   ivhole  culture.     The   problem   will 
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iheiefoie     be    dealt     with    wlieii    Hufficient    seiuiii    fn<iii    thc.^i-    aiiiiiials    is 
obtained. 

Since  completing  the  experiments  described  in  Section  V,  I  have  received 
information,  communicated  personally,  from  Capt,  Ikdlock,  ll.A.M.C, 
Imperial  Cancer  Research  Laboratories,  concerning  the  influence  of  the 
calcium  ion  in  initiating  anaerobic  infections. 

I  here  wish  to  record  my  very  deep  debt  to  Capt.  Bullock,  K.A.M.C^,  for 
the  information  which  he  has  placed  unreservedly  at  my  disposal  ])efore  the 
publication  of  his  work. 

Preliminary  experiments  with  soluble  calcium  salts  as  the  "Infection 
initiator"  both  in  mice  and  in  guinea-pigs  have  given  encouraging  results; 
and,  in  view  of  the  slight  tissue  destruction  which  occurs  when  calcium  salts 
are  used  for  this  purpose,  I  propose  to  repeat  Experiments  XVIII,  XIX  and 
XX  using  Bullock's  technique. 


SECTION  VI. 

INVESTIGATION  OF  DRESSINGS  IN  RELATION  TO  ANAEROBIC 
INFECTIONS  OF  WOUNDS. 

In  this  section  of  the  Report  are  considered  the  results  obtained  in  the 
examination  of  100  wounds  during  the  process  of  healing. 

The  object  of  the  inquiry  was  to  determine,  if  possible,  the  procedure  or 
procedures,  which  might  be  recommended  as  useful  for  preventing  or  dimin- 
ishino-  infection  of  wounds  due  to  anaerobic  bacteria. 

In  view  of  the  influence  which  anaerobes  have  one  upon  another,  the 
general  c^uestion  of  all  anaerobe  infection,  rather  than  the  particular  question 
of  any  one  such  infection,  was  investigated.  The  presence  of  B.  tetani  was, 
however,  made  the  subject  of  detailed  inquiry,  as  the  prevalence  of  the 
various  serological  Types  of  that  organism,  and  its  incidence  in  wounds,  con- 
stitute a  most  important  aspect  of  the  bacteriology  of  tetanus. 

Owing  to  its  being  relatively  easy  to  differentiate  morphologically,  and 
because  also  of  its  important  relationship  to  the  etiology  of  tetanus,  the 
incidence  of  B.  Welchii  was  also  noted.  No  effort  could  be  made,  however, 
to  determine  the  incidence  of  other  anaerobes  in  the  material  examined. 

(«)    Methods  used. 

It  was  felt,  that  in  making  this  investigation,  it  would  be  better  to 
examine  thoroughly  a  relatively  small  number  of  wounds,  and  to  examine 
them  repeatedly,  than  to  make  a  single  examination  of  a  much  larger  number. 
The  progress  made  under  the  various  treatments  could  be  more  definitely 
assessed  by  choosing  a  small  number  of  cases,  that  were  more  or  less  com- 
parable to  one  another;  that  is,  in  so  far  as  comparison  of  wounds  is  at  all 
possible.    Five  examinations  of  each  wound  were  made  at  weekly  intervals, 
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unless  the  patioiit  l)ccanu'  coiivalcsccnl  (liiiiii<;  llic  period.    The  examinations 
were  condiiclcd  as  follows: 

(i)    Swabs  wcic  taken  as  soon  allci-  1  lie  anival  of  a  convoy  as  possible. 
(ii)    'i'lKMcafler  I  li(>  same  wounds  were  examined  ;it  intervals  of  approxi- 
mately seven  days,  for  a  period  of  li\'e.  weeks. 

The  material  of  each  swab  was  inoculated  into  meat  water  tubes — "«"  and 
"6."  The  tu])es  w(M'(^  boihvl  ])rioi'  to  inoculation,  in  order  to  ensure  anaerobi- 
asis. 

Tube  "<a"'  was  incubated  anaerobically  to  obtain  a  <^rovvth  of  non- 
sj)orulatini^  organisms. 

Tube  "6"  was  heated  to  65°  C.  for  30  minutes  before  incubation,  in  order 
to  obtain  growths  of  sporing  anaerobes  only. 

Each  culture  was  examined  ten  times  at  intervals  of  three  or  four  days. 

When  the  anaerobes  developed  rapidly,  and  in  some  variety,  the  swab 
was  marked  in  the  records  as  "heavily  infected";  and  when  the  cultures 
showed  only  a  slight  or  medium  growth,  the  result  was  noted  as  "light 
anaerobe  infection." 

It  might  be  argued  that  a  notation  of  this  kind  is  arbitrary,  but  only  by 
taking  a  broad  view,  could  one  preserve  a  correct  perspective  of  the  results 
obtained.  In  Diagrams  XIII,  XIV,  XV,  XVI  and  XVII,  pp.  191-195,  are 
given  the  details  of  the  examination  of  each  swab. 

(iii)  When  organisms,  having  the  morphological  characters  of  B.  tetani, 
appeared  in  the  meat  cultures,  these  were  sub-cultured  into  the  "  exhausted  " 
medium  described  in  previous  communications,  and  the  growth  therefrom 
tested  by  the  agglutination  methods.  When  a  culture  was  obtained  that 
agglutinated  in  the  presence  of  any  of  the  type  sera,  its  toxogenicity  was 
then  tested  by  sub-culture  from  the  original  meat  tube,  and,  in  certain  instances, 
its  infective  quality  was  also  examined. 

(iv)  The  tubes  "  a, "  incubated  without  previous  heating,  were  examined 
with  a  view  to  demonstrating  the  presence  of  B.  Welchii. 

Note.    This  procedure  was  only  introduced   after  swabs  from  36  cases  had  already 
been  examined.    The  figures  relating  to  B.  Welchii  deal,  therefore,  with  only  64  cases. 

It  is  specially  to  be  noted,  that  these  swabs  were  always  taken  by  one 
observer  and  we  wish  to  record  our  debt  of  gratitude  to  Miss  Smithwhite 
who  was  in  charo-e  of  this  section  of  the  work.  Her  enthusiasm  and 
care  in  collecting  material,  the  attention  devoted  to  keeping  detailed  and 
accurate  records  of  each  case,  and  the  extracting  of  the  necessary  information 
from  the  field  cards  of  the  cases  investigated — duty  demanding  much  ex- 
penditure of  time  and  labour — have  greatly  assisted  in  the  prosecution  of  the 
work. 
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[b)    I nherent  fallacies  incidental  to  all  bacteriological  inquiries  dealing 
ivith  the  treatment  of  ivounds. 

In  addition  to  the  difficulties  tliat  are  encountered  in  nuiking  an  inquiry 
into  ttie  bacterial  flora  of  wounds,  the  problem  under  consideration  presented 
its  own  peculiar  difficulties;  of  these  the  following  may  be  cited. 

(i)  The  diversity  of  methods  of  treatment  in  use  both  in  France  and  in 
England  is  such  that,  to  obtain  a  sufficiency  of  observations  on  which  to  base 
definite  conclusions  concerning  any  one  method,  would  involve  not  months, 
but  years  of  study. 

(ii)  It  is  well  nigh  impossible  to  get  continuity  of  method  in  France 
and  in  England. 

(iii)  While  a  certain  number  of  cases  are  evacuated  to  England,  and 
find  their  way  to  hos])itals  in  a  single  district  in  this  country  within  a  week 
or  two  after  the  soldiers  have  been  wounded,  the  majority  of  wounds  are 
not  seen  on  this  side  until  considerably  later  than  this.  Herein  arises  an 
almost  insuperable  difficulty,  viz.  that  men  w^hose  wounds  are  slow  to  heal 
are  sent  to  England,  with  the  result  that  a  special  type  of  wound,  showing 
chronic  infection  with  a  variety  of  organisms,  both  anaerobic  and  aerobic,  is 
liable  to  predominate  in  a  series  of  wounds  examined  in  home  hospitals. 

(iv)  Apart  from  these  influences,  there  is  the  fact,  that  owing  to 
idiosyncrasy  of  certain  of  the  patients,  some  wounds  will  heal,  not  because 
of,  but  one  might  almost  say  in  spite  of,  treatment;  whereas  others,  apparently 
comparable  to  them,  cannot  be  induced  to  heal  under  any  treatment.  The 
two  cardinal  points,  w^hich  must  not  be  lost  sight  of,  are : 

{a)  That  surgery  is  more  an  art  than  a  science,  therefore  more 
depends  upon  the  surgeon  in  charge  of  the  case  than  on  the  dressing  which 
he  employs. 

(6)  That  the  best  protection  which  the  tissues  can  have  against 
bacterial  invasion  due  to  any  micro-organism,  is  the  development  of  a  layer 
of  compact,  healthy  granulations  on  the  raw  surfaces. 

Bearing  these  facts  in  mind,  one  could  not  hope  to  show  any  startling 
effects  produced  by  the  employment  of  one  procedure,  or  of  any  series  of 
procedures ;  so  that  the  results  given  herein  must  be  critically  interpreted. 

The  following  questions  naturally  arise: 

(1)  Does  the  presence  of  anaerobes  in  wounds — the  presence  of  anaerobes 
in  general,  not  the  presence  of  certain  species  of  anaerobes — seriously  inter- 
fere with  the  heahng  of  a  wound? 

(2)  Is  there  any  particular  method  of  treatment  commonly  in  use  in 
France  w^hich  leads,  either  to  elimination  of  anaerobic  infection  or  to  rapid 
healing? 

(3)  Is  there  any  method  in  use  in  home  hospitals  which  is  especially 
useful  in  attaining  these  ends? 

(4)  Is  there  any  one  surgical  procedure,   apart  from   the  dressings 
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used,  which  is  followed   by  special   liipidity  of  icpiiir  or  by  elimination  of 
anaerobes? 

The  problem  under  investi<j;jitioii  had  therefore  to  be  examined  from  such 
standpoints,  that  these  questions  might  be  answered  as  far  as  possible. 

(c)    Docs  the  presence  of  anaerobes  in  wounds  seriously  interfere  with  the 

process  of  healing? 

In  dealing  with  a  series  of  cases  in  which  swabs  were  taken  seven  days 
before  the  wound  had  healed  sufficiently  for  the  patient  to  be  considered 
convalescent,  the  following  results  were  obtained: 

(a)  No  anaerobes  were  found  in  19  instances. 

(b)  Light  anaerobe  infection  was  present  in  20  instances, 
(r)    Heavy  anaerobe  infection  was  present  in  four  instances. 

{(l)  Tetanus  bacilli  were  demonstrated  in  the  swabs  in  (c)  in  three  instances. 
Of  43  cases  which  failed  to  heal  during  the  period  over  which  the  investi- 
gation extended — each  w^ound  was  examined  for  five  weeks  at  intervals  of 
one  week — the  swab  taken  during  the  last  week  in  which  the  patient  was 
under  examination  yielded: 

(a)    No  anaerobes  in  29  instances. 

(6)    Light  anaerobic  infection  in  14  instances. 

(c)  Tetanus  bacilli  were  present  in  one  instance. 

These  figures  indicate  that  anaerobic  infection  may  persist  in  wounds  up 
to  the  time  of  healing,  and  that  the  presence  of  such  infection  does  not 
seriously  retard  the  process  of  repair. 

It  must  not  be  assumed  from  this  statement,  that  an  anaerobic  infection 
is,  in  the  opinion  of  the  writers,  of  little  or  no  importance  in  the  pathology 
of  the  later  phase  of  wound  infection.  The  time,  however,  during  which  the 
presence  of  anaerobic  bacilli  is  of  special  significance,  is  the  first  day  or  two 
after  the  injury  has  been  received,  and  the  variety,  quite  as  much  as  the  mass 
of  the  infection,  is  of  importance  at  this  time. 

It  must  be  appreciated  too  that,  short  of  making  a  detailed  inquiry  into 
the  flora  of  a  large  number  of  wounds,  one  cannot  assume  that  the  presence 
of  anaerobes,  even  in  the  later  phases  of  the  process  of  repair,  are  of  no 
significance;  for  the  presence  of  bacilli  of  the  Vibrion  septique  group,  B.  Welchii 
of  B.  oedematiens,  and  of  B.  tetani  must  always  be  a  menace. 

The  detection  however,  of  certain  of  these,  is  extremely  difficult,  and 
a  special  research  would  have  to  be  devoted  to  the  study  of  each,  w^re  a 
really  satisfactory  account  to  be  given  of  the  problem  under  consideration. 
Such  detailed  inquiry,  in  the  present  instance,  has  been  therefore  limited  to 
the  demonstration  of  B.  tetani  and  of  B.  Welchii. 

It  is  to  be  noted  that  in  the  case  of  B.  Welchii,  morphological  characters 
were  relied  upon  for  demonstrating  the  presence  of  this  bacillus — not  a 
highly  satisfactory  method,  but  one  which  we  were  forced  to  adopt  owing  to 
the  labour  and  expense  which  other  methods  would  have  involved. 
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[d)    Is  there  (uiif  method  oj  ttedttnent  cotnnufulij  used  hij  the  Arnifj  Surgeon 
abroiid  which  tends  to  elitninate  anfierobe  infection? 

The  wouirIs  which  were  dealt  with  in  the  jjieseiit  series  of  examinations 
had,  in  the  majority  of  instances,  been  treated  either  with  f  la  vine  or  with 
eusol,  before  removal  to  England.  These  wounds  will  therefore  be  grouped  in 
three  series: 

(a)    Treated  with  flavine. 

(6)    Treated  with  eusol  or  Carrel  Dakin. 

(c)  Treated  by  other  methods. 
In  considering  this  question,  it  was  decided  to  deal  only  with  the  wounds 
of  men  who  arrived  in  England  within  ten  weeks  of  the  date  of  wounding. 
If  such  a  period  be  not  put  to  the  type  of  case  considered,  the  difficulty  of 
assessing  the  value  of  any  procedure  employed  is  greatly  increased,  owing  to 
the  number  of  refractory  cases  which  would  be  introduced  into  the  series. 

(a)  Cases  treated  with  flavine  before  evacuation  to  England. 

Twenty- two  cases  of  the  present  series  were  treated  with  flavine  abroad, 
and  arrived  in  England  within  ten  weeks  of  the  receipt  of  injury.  From  them 
72  swabs  were  examined. 

35  swabs  showed  no  anaerobic  infection 
32      „  „       light 

5      „  „       heavy     „ 

In  none  of  these  swabs  was  B.  tetani  found. 

(b)  Cases  treated  ivith  eusol  or  Carrel  Dakin  before  evacuation  to  England. 

Of  78  swabs  from  22  wounds  treated  with  eusol  abroad  and  sent  to  England 
within  the  ten-week  period, 

26  sw^abs  failed  to  give  growth  of  anaerobes 

31      „      gave  light 

21       „  „     heavy 

B.  tetani  appeared  in  eight  swabs  from  six  wounds  in  this  series. 

(o)    Cases  treated  by  various  methods. 
There  remained  28  cases  examined  with  the  ten-week  period  comprising 

10  treated  with  B.I. P.P. 

7  ,,  dry  dressings, 

7  „  boric  foments, 

4  ,,  saline  or  salt  packs. 

I  shall  consider  these  together,  as  the  number  of  each  is  too  small  to 
justify  their  being  considered  separately. 

Ninety-tW'O  observations  were  made  on  the  28  wounds,  and  the  following 
results  were  obtained: 

42  showed  no  growth  of  anaerobes, 
39       „       light 

11  „       heavy      „ 
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li.  Mam  was  -lowii  liom  seven  swabs  obtained  from  five  diflcrcnt  wounds. 
l)ia«nani  VJI  shows  those  results  expressed  as  percentages. 


Ol 

S 

en 

CO 

.2 

<p 

'♦3 

U 

Pi 

(U 

Ol 

'Tl 

d 
o 

3 

o 

•♦a 

in 

a> 

li- 
es 

o3 

a> 

<4-( 

.2 

ifi 

-»^ 

Xi 

Ti 

I-] 

p 

C 

60 

:S 

!3 

f^— 1 

eS 

O 

+ 

rj 

d 

^ 

1 
0) 

'&b 

d 
o 

_o 

H 

f3 

Vi^ 

o 

'■*3 

II 

II 

a> 

o 

rr^ 

=*-i 

OJ 

O 

■"^ 

^w 

.2 

^ 

fl 

p<l 

a> 
p 

p 

•— ' 

■v-'-l 

m 

ci 

:q3 

J-' 

rj 

.2 

S 

> 

o 

C 

CO 

:2; 

o 

«4H 

c2 

II 

r^ 

O 

s 

/^ 

"^ 

^ 

6 

(D 

o 

^ 

^ 

^ 

p 

'-U 

^.9 

ci 

:q) 

o 

O) 

c3 

CM 

C3 

m 

S-i 

!3 

ci 

o 

•fi 

>» 

^ 

to 

>• 

O 

r-" 

rj 

a 

:a> 

a» 

+ 

c3 

n3 

<I> 

H 

w 

178  Tetauns 

The  dark  tt)luiiins  refer  to  heavy  anaerobe  infection,  the  light  to  H^^ht 
anaerobe  infection.  The  black  columns  indicate  that  B.  letani  was  found  along 
with  heavy  infections  of  other  anaerobes,  and  the  hatched  column  that 
B.  tetani  was  present  with  light  concomitant  anaerobe  infection. 

It  is  not  easy  to  comment  on  the  results  shown  in  the  above  diagram,  for 
they  may  well  give  a  false  impression,  owing  to  the  fact  that  1 1  of  the  wounds 
in  the  flavine  series  had  been  excised,  while  only  six  of  those  of  the  eusol 
series,  and  five  of  those  in  which  other  dressings  had  been  used,  were  so 
treated. 

Both  the  low  rate  of  "heavy  anaerobe  infection"  and  the  absence  of 
tetanus  bacilli  in  those  wounds  originally  treated  by  flavine,  appear  to  suggest 
that  that  reagent  is  suitable  for  primary  dressings.  The  results  may,  however, 
mean  that  excision  of  the  wounds  was,  in  the  instances  quoted,  the  most 
important  factor  in  eliminating  infection. 

This  subject  will  be  again  considered  in  dealing  with  the  ''time  factor" 
in  the  healing  of  excised  wounds,  as  compared  with  that  of  non-excised  wounds. 

In  Diagrams  XIII  and  XIV  (pp.  191,  192)  are  graphically  shown  the 
results  of  each  examination  of  the  swabs  dealt  with  above. 

(e)    hifluence  of  dressings  in  use  in  the  Home  Hospitals  on  the  degree  and 
persistence  of  anaerobic  infection  of  wounds. 

In  this  series,  the  arbitrary  time  limit  of  ten  weeks  was  again  adhered  to, 
in  order  that  the  results  obtained  might  be,  as  far  as  possible,  comparable 
with  those  dealing  with  the  methods  used  abroad. 

The  series  comprises  an  additional  three  cases  in  which  the  treatment 
abroad  was  not  recorded  on  the  field  cards,  so  that  75  in  place  of  72  cases 
are  herein  considered. 

(a)  Cases  treated  by  boric  fomentations. 

It  was  surprising  to  find  that  boric  fomentation  was  the  favourite  method 
of  treatment  in  the  hospitals  from  which  the  material  was  obtained,  and  of 
cases  so  treated  there  were  35  involving  123  observations. 

55  swabs  failed  to  give  growth  of  anaerobes, 
49      „      gave  light 
19      „         „     heavy 
B.  tetani  was  obtained  from  11  swabs  in  seven  cases. 

(b)  Cases  treated  by  eusol. 

Of  cases  treated  by  eusol  or  the  Carrel  Dakin  method  there  are  22, 
involving  58  observations. 

27  showed  no  anaerobe  infection, 
23       „       light      „ 
8       „       heavy    „  „ 

B.  tetani  was  obtained  from  three  swabs  in  three  cases. 
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{(•)    Cases  treated  hy  other  methods. 

KiLrlittMMi  cases  of  llic.  sciics  \v(to  troatod  hy  otlicr  met  hods  (comprising 
I.')  ill  wliicli  s;iIiiH'  was  used),  in  wliicli  a,  variety  of  [>i-o(;('(iiii('s  had  been 
oin})h)yc(l.  , 

Tlicsc  in\-oI\(Ml  71  ohsorvations,  giving  the  folh)wing  residts. 

30  swabs  failed  to  give  growth  of  anaerobes, 
30      ,,      showed  light  anaer()])c  infection, 
n       „      heavy 

B.  telani  was  found  in  three  instances  from  three  cases. 
These  results  are  summarised  in  Diagram  VIII,  p.  180. 

These  results  are  instructive,  for  they  show  in  a  remarkable  manner, 
that  no  particular  dressing  can  be  recommended  as  likely  to  produce  marked 
diminution  in  the  anaerobe  flora  of  wounds  during  the  process  of  repair. 

Experimental  evidence  bears  this  out — thus.  Brilliant  Green,  which  in 
certain  low  concentrations  will  markedly  inhibit  the  growth  of  bacteria, 
including  the  anaerobes,  in  broth  or  in  serum,  is  much  reduced  in  its  inhibitory 
activity  if  a  piece  of  fresh  living  tissue  be  added  to  the  cultures. 

The  conditions  obtaining  in  cultures  in  fluid  media  enriched  by  the 
addition  of  fresh  tissue,  more  closely  approximate  the  conditions  of  a  wound, 
than  do  cultures  which  are  not  so  enriched. 

It  is  probable  that  this  inhibition  of  antiseptic  activity  demonstrated  in 
culture  tubes  is  multiplied  manifold  in  wounds,  owing  to  the  large  surface 
of  granulation  to  which  the  reagent  is  exposed. 

All  that  can  be  hoped  for  then,  from  the  use  of  any  antiseptic  so  far 
employed,  is,  that  it  will  reduce  mass  infection  of  wound  exudates;  it  will 
not,  however,  eliminate  infection. 

As  a  mild  degree  of  anaerobe  infection  is  quite  compatible,  so  far  as  can 
be  seen,  with  unretarded  progress  of  healing;  and,  as  we  cannot  hope  to 
eliminate  the  anaerobes  by  the  use  of  any  antiseptic,  the  question  at  issue 
must  be  dealt  with  from  another  point  of  view. 

The  details  of  the  examination  of  each  swab  are  given  in  Diagrams  XV 
and  XVI  (pp.  193,  194)  at  the  end  of  this  section. 

(/)    Rapidity  with  which  healing  takes  place  under  various  dressings. 

So  long  as  a  wound  remains  open  it  is,  to  a  greater  or  less  degree,  susceptible 
to  bacterial  invasion  of  all  kinds.  If  then,  any  particular  procedure  can  be 
shown  to  cause  rapid  healing  of  wounds,  such  is  to  be  recommended,  both 
from  the  standpoint  of  surgery  and  from  that  of  economics. 

Three  points  of  view  have  to  be  considered  in  dealing  with  this  ( question. 
{a)    The  nature  of  the  dressing  used  abroad. 
(h)    The  nature  of  the  dressing  in  home  hospitals, 
(c)    The  wounds  treated  by  excision  must  be  contrasted  with  those 
that  have  not  been  excised. 
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(  f)     Influence  of  (Jressings  nsrd  ahrortil  upon  the  rale  of  healing. 

1.     Fhiriuc. 

Twont,y-ono  wounds  fulfilling;  the  conditions  arbitrarily  laid  down  con- 
corninu:  t'vacual ion  to  Kn<2;land  within  a  ten-wcck  period,  were  treated  with 
flavino  nhroad.    Of  those  14  recovered,  the  recoveries  being  distributed  thus: 


Patients  oxamin(>(l  in 
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Twenty-two  wounds  receiving  early  treatment  with  this  reagent  behaved 
as  follows: 
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3.    Other  methods. 

In  the  case  of  26  wounds  which  had  been  treated  abroad  by  other  methods, 
the  following  results  were  obtained: 
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These  results  are  summarised  in  Diagram  IX,  in  which  both  the  recovery 
rate  and  the  time  when  recovery  occurred  are  graphically  shown.  For  the 
})urposes  of  comparison  the  figures  are  reduced  to  a  common  denominator. 
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Diagram  IX.  The  upper  portion  of  the  diagram  indicates  the  percentage  recovery  with  each 
dressing.  The  lower  indicates  the  wounds  which  recovered.  Figures  relate  to  week  in  which 
recovered  cases  were  first  examined  in  England.  An  arbitrary  time  limit  of  five  weeks  from  first 
examination  was  taken  as  period  for  recovery  to  take  place. 

These  results  appear  to  indicate  that  flavine  is  the  most  valuable  dressing 
of  those  considered  in  the  present  series,  both  as  regards  the  number  of 
recoveries  and  the  rapidity  of  recovery. 

It  must  be  noted,  however,  that  there  is  a  preponderance  of  excised  wounds 
in  the  flavine  series. 


(/")    Influence  of  dressings  vsed  in  Home  Hospitals. 

When  considered  from  the  standpoint  of  dressings  used  in  Home  Hospitals, 
the  following  results  appear : 

1.    Boric  foments. 

Thirty-six  wounds  were  treated  by  boric  fomentations,  with  12  recoveries, 
distributed  as  follows : 
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Ensol. 

Twenty-two  wounds  were  treated  with  eusol,  ^ivinj;^  15  recoveries,  distri 
bnterl  as  follows: 
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3.    Other  methods. 

Eighteen  wounds  were  treated  by  other  methods- 
distributed  as  follows: 


-with  nine  recoveries, 
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Note.  Of  the  series  treated  by  boric  foments  four  had  been  excised.  Of 
those  treated  with  eusol  nine  and  of  those  by  other  methods  three. 

These  results  are  summarised  in  Diagram  X,  p.  184,  which  shows 
^graphically  both  the  recovery  rate  and  the  time  when  recovery  took  place. 

The  results  summarised  in  Diagram  X  suggest  that  the  cases  treated 
with  eusol  in  Home  Hospitals  heal  more  rapidly  than  do  those  treated  by 
other  methods.  Here  again,  however,  there  is  seen  a  preponderance  of  the 
excised  wounds  in  the  series. 
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The  results  then  do  not  «!;ive  infoiination  as  to  which  diessirif^s  of  those 
examined  coidd  be  recommended  for  use  in   Enj^land,  as  being  of  special 


value  in  stimulatinu  healini^. 
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DiAGRAiNi  X.  The  upper  portion  of  the  diagram  indicates  the  percentage  recovery  with  each 
dressing.  The  lower  indicates  the  wounds  which  recovered.  Figures  relate  to  week  in  which 
recovered  cases  were  tirst  examined  in  England.  An  arbitrary  time  limit  of  five  weeks  from  tirst 
examination  was  taken  as  period  for  recovery  to  take  place. 


(g)    Influence  of  excision. 

Is  there  any  one  surgical  procedure,  apart  from  the  dressings 
employed,  which  leads  to  the  rapid  healing  of  ivoimds  ? 

If  excised  wounds  be  contrasted  with  those  not  so  treated,  it  is  seen  that 
within  the  arbitrary  period  of  ten  weeks,  16  out  of  26  excised  wounds  had 
progressed  sufficiently  for  the  patients  to  be  considered  convalescent.  While 
of  the  non-excised  wounds,  51  in  number,  24  became  convalescent.  These 
findings  are  summarised  in  Diagram  XI,  in  which  are  indicated  both  the 
recovery  rate,  and  the  time  within  which  recovery  occurred. 

This  diagram  indicates: 

(a)  That  the  recovery  rate  is  higher  in  the  excised  than  in  the  non- 
excised  wounds. 

(6)  That  the  distribution  of  the  recoveries  in  point  of  time  is  more 
uniform  in  the  excised  than  in  the  non-excised  wounds.  This  latter  point 
appears  to  the  writers  to  be  a  matter  of  some  importance,  as  it  suggests,  that 
a  more  diverse  type  of  wound  heals  within  a  given  period  after  excision,  than 
is  the  case  when  excision  is  not  practised.    This  really  means,  that  in  the 
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case  of  the  non-excised  wounds,  unless  liejilin^  occurs  within  the  lust  three 
or  four  weeks,  the  convalescence  may  be  protracted. 

The  details  of  the  examination  of  swabs  from  excised  wounds ,  irrespective 
of  the  di-essini2,  used,  jire  shown  ;j,ra])hically  in  Diai^nani  XVII,  p.  l'J5. 

Px'tore  pr()('eedin«jj  to  the  next  sub-section  ot  tJie  investi^^ation,  dealin;^ 
with  wounds,  the  examination  of  which  was  commenced  after  the  ex})iry  of 
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Diagram  XL  The  upper  portion  of  the  diagram  indicates  the  percentage  recoveiy  in  each 
instant.  The  lower  indicates  those  wounds  which  recovered.  Figures  relate  to  week  in  which 
recovered  cases  were  first  examined  in  England.  An  arbitraiy  time  limit  of  five  weeks  from  first 
examination  was  taken  as  period  for  recovery  to  take  place. 


the  ten-week  period,  the  question  of  the  influence  which  anaerobes  have  upon 
healing,  and  also  the  influence  which  various  dressings  exert  upon  anaerobe 
infection,  may  be  summarised  thus: 

(i)  A  mild  degree  of  anaerobe  infection  does  not  prevent,  and  does  not 
apparently  even  retard,  the  process  of  healing. 

(ii)  Wounds  treated  with  flavine  in  France  have,  on  the  whole,  a  lesser 
degree  of  infection  with  anaerobes,  than  those  treated  by  other  methods.  The 
fallacy  due  to  the  preponderance  of  excised  wounds  so  treated,  renders  it 
difficult  to  offer  an  opinion  as  to  whether  flavine  or  excision  has  been  the 
factor  producing  the  desired  result. 
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(iii)  None  of  the  treatments  used  in  home  hospitals,  which  we  were  in 
a  position  to  investi^^ate,  eliminate  anaerobe  infection  with  especial  ray)i(lity. 

(iv)  As  regards  the  ra})iditv  with  which  the  wounds  healed,  the  best 
results  were  obtained  in  those  treated  with  fiavine  abroad  and  with  eusol  in 
England.  It  is  to  be  noted  that  a  preponderance  of  excised  wounds  in  both 
instances  renders  difficult  the  assessment  of  these  results. 

(v)  On  contrasting  excised  with  non-excised  wounds,  it  is  found,  that 
the  recovery  rate  is  higher  and  more  uniform  in  wounds  which  have  been 
excised  than  in  those  which  have  not  been  so  treated. 

(h)    Examination  of  wounds  of  long  standing. 

In  addition  to  the  series  that  has  already  been  considered,  12  wounds  were 
examined  in  men  who  arrived  in  England  between  the  10th  and  IHth  weeks 
after  reception  of  the  injury.   This  involved  the  examination  of  37  swabs. 

No  anaerobes  found  in  23  instances, 
Light  anaerobic  infection  in  10  instances, 
Heavy       „  „  4 

B.  tetani  was  found  in  seven  swabs  from  five  cases. 

Finally,  as  a  matter  of  scientific  interest,  it  was  decided  to  examine  some 
wounds  of  very  long  standing. 

(a)  Wound  examined  during  the  17th  and  18th  weeks  gave  one  swab 
which  showed  a  heavy  growth,  and  one  which  failed  to  give  growth  of 
anaerobes. 

(6)  Wound  examined  from  the  18th  to  the  23rd  week  gave  three  swabs 
producing  a  heavy  growth  of  anaerobes,  and  two  which  showed  no  growth  of 
such  organisms. 

(c)  Wound  examined  from  the  22nd  to  the  25th  week  gave  two  swabs 
showing  heavy  anaerobic  infection,  one  with  light  infection,  while  in  two 
anaerobes  failed  to  grow. 

(d)  Wound  examined  from  the  23rd  to  the  27th  week  gave  three  swabs 
with  light  anaerobe  infection  and  two  with  none. 

(e)  Wound  examined  from  the  30th  to  the  33rd  week  gave  no  growth 
of  anaerobes. 

(/)  Wound  examined  during  the  32nd  and  33rd  weeks  gave  one  swab 
with  a  light  anaerobe  infection  and  one  showed  no  anaerobe  infection. 

{g)  Wound  examined  from  the  35th  to  the  38th  week,  one  swab  showed 
heavy  growth  of  anaerobes  and  three  showed  no  growth  of  anaerobes. 

(h)  Wound  examined  from  the  37th  to  the  40th  week  all  four  swabs 
failed  to  give  growth  of  anaerobes. 

(i)  Wound  examined  from  the  38th  to  the  41st  week  gave  four  suc- 
cessive swabs  showing  heavy  anaerobe  infection. 

(j)  Wound  examined  from  the  42nd  to  the  45th  week  gave  three 
swabs  showing  light  anaerobe  infection  and  one  showing  none. 
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(/•)  Wound  (waniincd  Iroui  Uic,  l.'ird  to  l.lic  17lli  week  <^^;ivo  (iv(i  succes- 
sive swabs  containing  B.  tetania  three  being  accompanied  by  heavy  and  two 
with  light  anaerobe  infection. 

(/)  Wound  examined  lioni  the  1  1th  to  the  47th  week  gave  one  swab 
with  light  anaerobe  infection  and  three  with  none. 

If  then  the  results  obtained  in  examining  wounds  between  the  1 5th  and 
50th  weeks  after  receipt  of  injury  be  summarised,  the  following  results  are 
obtained : 

24  wounds  were  examined  involving  the  examination  of  82  swa])s. 
In  46  instances  no  anaerobes  were  found, 
,,  22         ,,         light  anaerobe  infection  was  found, 
,,   14         „         heavy      „ 

B.  lelani  was  obtained  in  12  swabs  from  six  cases. 

On  six  occasions  B.  tetani  was  found  along  with  heavy  anaerobe  infection 
and  on  the  other  occasions  with  light  anaerobe  infection. 

It  seems  at  first  sight  remarkable  that  these  results  are  so  bad,  and  compare 
unfavourably  w^ith  any  that  have  gone  before,  but  the  wounds  considered  are 
practically  picked  refractory  cases  and  therefore  occupy  a  category  by  them- 
selves. 

There  are,  in  addition,  two  especially  interesting  observations: 

(i)  Five  swabs  were  taken  from  a  case  between  104th  and  108th  weeks 
from  date  of  wounding,  three  out  of  the  five  swabs  were  heavily  infected  with 
anaerobes,  two  out  of  the  three  containing  B.  tetani. 

(ii)  Five  swabs  were  also  taken  from  a  case  between  the  106th  and 
130th  weeks  after  reception  of  the  injury,  two  gave  a  heavy  growth  of  anaerobes 
B.  tetani  being  present  in  large  numbers  in  the  cultures,  one  gave  a  light 
growth  of  anaerobes,  and  two  gave  no  growth  of  these  organisms. 

These  observations  call  attention  to  the  remarkably  long  periods  during 
which  B.  tetani  and  other  anaerobes  may  persist  in  wounds.  The  importance 
of  the  observations  is,  that  they  indicate  how  necessary  it  is  to  administer  a 
prophylactic  dose  of  antitoxin  the  day  before  any  operation  for  cosmetic  or 
other  purpose  is  performed  at  the  site  of  an  old  wound.  It  would  be  advisable, 
too,  to  give,  if  possible,  anti-gas-gangrene  serum  along  with  the  prophylactic 
tetanus  antitoxic  serum. 

(i)    Examinatioyi  for  presence  of  B.  tetani  in  a  series  of  100  wounds. 

The  tetanus  bacilli  obtained  from  100  consecutive  wounds  of  men  showing 
no  evidence  of  tetanus  are  tabulated  on  p.  188. 

Commenting  on  these  results,  it  is  seen,  that  14  cultures  elaborating 
spasm-producing  toxin  were  obtained  from  100  consecutive  w^ounds.  In 
carrying  out  the  toxin  tests  0-2  c.c.  was  the  largest  quantity  employed,  Avhen 
mice  were  the  experimental  animals  used. 

In  four  instances,   while  the  toxin   experiments   were  negative,  typical 
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See  Footnote  1 
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18.    See  Footnote  2 

20.    Toxin  experiment  positive 

Footnote  1.  With  reference  to  No,  13  toxin  experiments  were  negative,  and  when  an 
attempt  was  made  to  carry  out  the  infection  experiment,  the  animals  died  from  gas  gangrene. 

Footnote  2.  Cultures  18  and  19.  Culture  18,  which  agglutinated  in  presence  of  Type  II 
serum,  was  lost  before  the  animal  experiments  were  completed.  Culture  19  is  still  under 
observation. 

tetanus  infection  could  be  produced  when  washed  cultures  were  injected 
together  with  a  tissue  debilitant.  Therefore,  in  at  least  18  per  cent,  of  the 
present  series  of  wounds,  tetanus  bacilli  could  be  recovered. 

This  figure  is  considerably  higher  than  any  previous  investigations  would 
have  led  one  to  expect.  The  reason  for  this  somew^hat  high  figure  is,  that 
unless  wounds  be  repeatedly  examined,  tetanus  bacilli  if  present  in  small 
numbers  may  be  missed;  just  as  throat  swabs,  in  cases  of  diphtheria,  may  give 
negative  results  owing  to  the  operator  having  failed  to  swab  that  area  of  the 
throat  in  which  B.  diphtheriae  is  present. 

Diagrams  XIII,  XIV,  XV,  XVI  and  XVII  which  give  the  result  of  the 
examination  of  each  swab  graphically  illustrate  this  point. 

{j)    Examination  for  presence  of  organisms  having  the  morphological 
characters  of  B.  Welchii  in  a  series  of  100  wounds. 

In  the  series  of  wounds  under  consideration  the  presence  of  organisms 
having  the  morphological  appearance  of  B.  Welchii  was  also  noted,  and  an 
attempt  was  made  to  determine  whether  any  of  the  dressings  commonly 
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used,  oitlior  al    lumio  or  abroad,  tended  rapidly  to  eliminate  this  organism 
from  wound  exudates. 

From  this  inciuiry,  the  following  conclusion  was  drawn:  "That  no  dressing 
among  those  investigated  could  be  especially  recommended  as  likely  to 
produce  rapid  elimination  of  B.  Welchii.^^ 

As  the  details  of  the  examination  constitute  what  is  virtually  a  repetition 
of  the  findings  already  set  forth  in  connection  with  the  inquiry  into  the 
influence  which  various  dressings  exert  upon  the  reduction  of  all  anaerobic 
infections,  they  will  not  be  dealt  with  in  exlenso. 

The  results  of  the  examinations  call  attention,  however,  to  a  marked 
difference  between  excised  and  non-excised  wounds  in  this  connection.  While 
there  is  but  little  difference  between  the  percentages  of  excised  and  7ion- 
excised  wounds,  the  exudates  of  which  contain  B.  Welchii,  there  is  a  marked 
diflerence  between  the  two  classes  in  respect  of  the  period  over  which  infection 
with  B.  Welchii  can  be  demonstrated.  This  period  is  much  shorter  in  the  case 
of  excised  wounds  than  in  the  case  of  non-excised  wounds. 

The  actual  findings  are  as  follows : 

On  a  series  of  100  wounds  46  were  found  to  contain  B.  Welchii. 

(a)  In  four  wounds — two  excised,  two  non- excised — B.  Welchii  dis- 
appeared before  the  second  week. 

(h)  In  eight  wounds — five  excised,  three  non-excised — B.  Welchii 
disappeared  before  the  third  week. 

(c)  In  six  wounds — one  excised,  five  non-excised — B.  Welchii  dis- 
appeared before  the  fourth  week. 

(d)  In  three  non-excised  wounds,  it  disappeared  before  the  fifth 
week. 

{e)  In  four  wounds — three  excised,  one  non-excised — it  disappeared 
before  the  sixth  week. 

(/)  In  two  wounds — one  excised,  one  non-excised — it  disappeared 
before  the  seventh  week. 

(g)  Thereafter,  only  non-excised  wounds  contained  B.  Welchii.  In  one 
this  organism  disappeared  before  the  8th  week,  three  before  the  9th  week, 
one  before  the  11th,  four  before  the  13th,  one  before  the  15th,  one  before  the 
16th,  two  before  the  17th;  and  five  wounds  were  shown  to  contain  B.  Welchii 
between  the  27th  and  47th  weeks  after  infliction  of  the  injury.  These  facts 
are  set  forth  diagrammatically  in  the  following  figure. 

Note.  Attention  is  called  to  the  fact,  that  in  many  of  the  instances  quoted 
above,  the  number  of  organisms  present  in  the  cultures  which  had  the  morpho- 
logical appearance  of  B.  Welchii  was  small.  It  is  probable  that,  without 
careful  and  repeated  examination  of  the  growths,  the  presence  of  this  bacdlus 
would  not  have  been  appreciated. 

These  findings  are  in  full  agreement  with  those  which  were  obtained  in 
making  inquiry  into  the  influence  which  various  dressings  and  surgical  pro- 
cedures exert  upon  all  anaerobic  infections  of  wounds. 
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They  are  especially  valuable,  i.i  that  they  show  fairly  ccolusively,  "thai 
excmon  does  not  eUnnmte  urfecHon  with  the  anuerobw  Umlh  but  U  removes 


those  condihons  which  enhance  the  danger  arising  from  the  presence  of  these 
organisms.'' 
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Diagram  XIV.  Results  of  Weekly  Examinations  of  Wounds  Treated 
Abroad  with  B.I. P. P.,  Dry  Dressings,  Boric  Foments,  and  Saline 
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Results  of  Weekly  Examination 
^^^^ii^  c  of  Wounds   Treated   by  Various 

l-jQ  Methods  in  Home  Hospitals 
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B.T.P.P.,   Flavine  or  Carrel  Dakin 
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(X)NCLITSI()NS  PROM  ShXTIOX  VI,  |)|).   172-195. 

1.  No  OIK'  (li(\ssiii<r,  of  those  dealt  with  in  tlie  present  investif^ation,  can 
be  especially  iTcomiiiciKlcd  as  bein^^  v^nlujihle  for  the  elimination  of  anae-iobio 
niicro-()ri»}uiisniH  in  geneial  from  wound  exudates. 

2.  Neither  can  any  one  dicssinii;  Ix'  iccom mended  as  especially  valua})le 
in  (diminatinii"  B.  tetani  or  B.  Wclchii. 

3.  The  ])resence  of  a  mild  degree  of  anaero])e  infection  in  wounds  does 
not  necessarily  prevent,  or  even  retard,  the  process  of  healinj^. 

4.  Excised  wounds  heal  more  rapidly  than  do  non-excised  wounds,  and 
therefore  by  excision  the  danjijer  period  is  reduced  durin^^  which  infection 
with  either  B.  tetani  or  the  f]jas  ^ijanpjrene  bacilli  may  be  a  menace. 
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Diagram  XVIL      Results  of  Weekly  Ex- 
aminations of  Excised  Wounds   Treated 
after  Excision  by  Various  Dressings 
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SECTION  VII. 

CAN  AGGLUTINATION  OF  STOCJK  EMULSIONS  OF  H.  TETANl  BY  THE 
SERUM  OF  IWTIEXTS  SUFFERINC;  FROM  EARLY  TFTAXUS  RE  EMPLOYED 
AS   A   METHOD    FOR    DIAGNOSIS    AND    FOR    DETERMINING    "TVPF   OF 

INFECTION"  IN  TETANUS? 

Serum  from  over  60  cases  of  tetanus  was  used  for  agglutinating  stock 
emulsions  of  the  4  Type  bacilli.  At  the  same  time  a  number  of  normal  sera 
were  tested  in  the  same  way. 

The  result  showed  that  certain  normal  sera  may  agglutinate  tetanus 
bacilli  of  one  or  other  Type  in  dilutions  up  to  1/80.  None  of  the  sera  from  cases 
of  the  disease  could  be  definitely  demonstrated  to  be  of  much  higher  titre; 
and  further,  in  those  cases  in  which  the  infecting  organism  was  typed,  no 
relationship  could  be  shown  between  the  Type  of  the  infecting  organism  and 
the  agglutination  reaction  performed  with  the  patient's  serum.  One  had  to 
conclude,  therefore,  that  agglutination  could  not  be  employed  for  making  a 
"preclinical"  diagnosis  of  tetanus,  nor  could  it  be  used  for  determining  to 
which  serological  Type  of  the  bacillus  the  organism  belonged  which  was 
responsible  for  the  causation  of  the  disease  in  each  case. 

SECTION  VIII. 

RELATION  OF  SEROLOGICAL  TYPE  OF  BACILLUS  ISOLATED,  TO 

HAEMAGGLUTINATING     TYPE     OF     MEN     FROM     WHOM     THE 

BACILLUS  WAS   OBTAINED. 

As  a  matter  of  scientific  interest,  the  haemagglutinating  property  of 
these  sera  was,  where  possible,  determined.  The  reason  for  undertaking  this 
inquiry  was,  that  it  might  be  suggested,  that  the  serological  Type  of  the 
organism  depended  upon  its  being  parasitic  on  individuals  belonging  to  a 
particular  haemagglutinating  group  of  men ;  for  instance,  the  Type  I  bacillus 
might  evolve  as  a  result  of  its  being  parasitic  upon  an  individual  of  haemagglu- 
tinin  Group  II.  Type  III  bacillus  might  result  from  parasitism  on  an  indi- 
vidual belonging  to  another  haemagglutinating  group,  etc.  Such  a  relationship 
could  not  be  demonstrated;  for  example,  of  four  individuals  from  whom 
Type  III  bacilli  were  isolated,  two  belonged  to  haemagglutinin  Group  II, 
one  to  Group  III,  and  one  to  Group  IV. 

SECTION  IX. 
A  NOTE  ON  TWO  CASES  OF  ABDOMINAL  TETANUS. 

The  two  following  cases  are  of  especial  interest,  in  that  tetanus  developed 
after  the  performance  of  an  abdominal  operation,  and  the  source  of  infection 
in  each  case  was  undoubtedly  the  intestine. 
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Case  T. 

A  mail,  who  had  hccM  womulcd  in  Kiancc  oiu^  year  ])r(wiously,  was  taken 
ill  with  a])])orHlicitis:  sonic  (hiys  aftcf  the  operation  tetanuH  developed  witli  a 
fatal  result. 

Exaiiiiiial  ion  of  niatcrial  fioni  llic  woiind  in  the  alxioininal  wall,  from  the 
stump  of  (he  a  j)|)(Mi(li.\,  and  from  the  faeces  in  I  he  deHcendin<^  colon,  all 
yielded  a  growth  of  tetanus  bacilli  of  serolofijioal  Type  1  anrl  all  virulent  for 
aiiinuils. 

Case  II. 

In  this  case,  which  was  forwarded  to  me  unofficially,  the  victim  of  the 
disease  was  a  girl  of  4|.    The  history  of  the  case  was  as  follows: 

Patient  was  admitted  suffering  from  intussusception — a  laparotomy  was 
performed  the  same  day  and  the  intussusception  was  reduced.  Five  days 
later  tetanus  developed  and  terminated  fatally.  Material  from  the  wound 
and  faeces  were  both  submitted  for  examination.  Type  III  tetanus  bacilli 
were  found  in  both. 

The  main  interest  of  the  second  case  is  that  as  the  gut  had  not  been 
opened,  therefore  the  bacillus  must  have  been  in  the  gut,  and  the  cause  of 
the  wfecfw))  was  probably  the  tissue  debility  produced  by  the  intussusception. 


SECTION  X. 

PRESENCE  OF  B.  TETANI  IN  THE  FAECES  OF  MEN  RETUPvNED  FROM 
OVERSEAS  COMPARED  WITH  THOSE  FROM  CIVILIAN  FAECES. 

Up  to  the  present  21  specimens  of  faeces  from  men  returned  from  overseas 
have  been  examined,  and  in  seven  instances  organisms  were  obtained  which 
agglutinated  with  one  or  other  of  the  Type  agglutinating  sera.  Of  these,  four 
were  Type  I  bacilli,  two  were  Type  II  and  one  was  Type  III.  Of  31  specimens 
of  faeces  from  civilians  five  gave  cultures  which  agglutinated  with  Type  sera. 
All  proved  to  be  Type  I.  It  is  to  be  noted  that  the  investigation  of  these 
faeces  was  not  so  complete  as  was  that  of  cultures  obtained  either  from  the 
wounds  of  men  suffering  from  tetanus  or  from  wounds  of  men  showing  no 
clinical  evidence  of  tetanus. 

The  inquiry,  therefore,  makes  no  claim  to  accuracy,  and  the  results 
obtained  are  mainly  of  academic  interest. 

The  reason  for  conducting  this  inquiry  was,  that  a  number  of  cases  of 
abdominal  tetanus  in  soldiers  had  been  reported  to  Major-General  Sir  David 
Bruce,  K.C.B.,  F.R.S.  The  aggregate  of  these  cases  was  considerable.  Two 
explanations  of  their  occurrence  had  to  be  considered: 

(i)  It  might  be  that  owing  to  the  machinery  for  collecting  information 
re  tetanus  being  adequate,  these  cases  were  returned  among  those  due  to 
tetanus  infection  of  war  wounds.    Seen  together  the  number  appeared  to  be 
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relatively  lai^^e,  but  without  consulting  the  Registrar  deneral's  returns,  it 
could  not  be  assumed  that  the  number  was  larger  than  in  times  of  peace. 

(ii)  It  might  be,  on  the  other  hand,  that  the  conditions  of  active  service 
leading  to  contamination  of  food  stuffs,  etc.,  with  earth,  resulted  in  sufficient 
unconscious  geophagy  to  alter  the  flora  of  the  gut,  and  to  increase  the  number 
of  bacillus  tetani.  The  figures  quoted  are  insufficient  to  demonstrate  that  the 
latter  explanation  is  correct,  and  it  is  highly  probable  that  the  larger  number 
of  cases  of  abdominal  tetanus  among  soldiers  is  apparent  rather  than  real. 

Nevertheless  in  view  of  the  findings  reported  in  this  section,  and  in  view 
also  of  the  findings  previously  published  by  Pizzini,  it  might  be  advisable  to 
err  on  the  side  of  safety,  and  administer  a  prophylactic  dose  of  antitoxin 
before  performing  an  abdominal  operation  involving  section  of  the  gut, 
especially  when  such  operations  are  performed  on  recently  returned  men. 


SYNOPSIS  AND  GENERAL  CONCLUSIONS. 

I.  In  Sections  I,  II,  and  III,  are  described  the  methods  employed,  and  the 
results  obtained,  in  making  a  systematic  investigation  of  the  prevalence  of 
the  various  serological  Types  of  B.  tetani,  both  in  wounds  of  men  suffering 
from  tetanus  and  in  those  of  men  showing  no  evidence  of  that  disease. 

This  inquiry  shows: 

1.  That  the  mortality  among  inoculated  men  from  infection  due  to 
tetanus  bacilli  belonging  to  serological  Type  I  is  lower  than  that  from  infection 
with  either  Type  II  or  Type  III. 

2.  If  the  observations  be  limited  to  those  cases  in  which  the  incubation 
period  is  14  days  or  less,  the  mortality  from  infection  due  to  Types  II  and  III 
is  higher  than  when  Type  I  is  the  organism  responsible  for  the  causation  of 
the  disease. 

3.  If  observations  on  the  incidence  of  cases  due  to  the  various  Types  of 
B.  tetani  be  considered  from  the  same  point  of  view,  relatively  more  cases 
of  Type  II  and  Type  III  infection  declare  themselves  within  a  period  of 
14  days  than  Type  I. 

4.  From  an  unexpectedly  large  percentage — 20  per  cent. — of  wounds  of 
men  who  show  no  evidence  of  tetanus,  B.  tetani  can  be  recovered  at  some  period 
during  the  process  of  repair. 

5.  Of  tetanus  bacilli  obtained  from  such  "indifferent"  wounds  the 
majority  conform  to  serological  Type  I. 

These  facts  are  susceptible  of  two  explanations: 

A.  Either  that  Type  I  bacilli  are,  on  the  whole,  less  virulent,  or  less 
toxogenic,  in  character  than  are  those  of  Types  II  and  III; 

B.  Or,  that  the  serum  prophylaxis  in  use  until  recently,  afforded  more 
adequate  protection  against  Type  I  infections  than  it  did  against  infections 
due  to  Types  II  or  III. 


As  all  th()S(Miilliin's  of  />.  Ichini  that  I  ()!)taiiHMl  from  sor  urn  laboratories 
conforiHod  to  Tv])e  1  on  serolo^ncal  (^vaininat  ion.  it  a])[)('aro(l  that  hvpotficsis  W 
was  worthy  of  serious  considoi-atiou. 

II.  Socfiou  IV  deals  with  e\'])erinu'iils  that-  wcm-c  undertaken  to  dcnion- 
strate  in  rifro  the  stability  of  the  Types  after  prolonged  (ulture,  and  to 
investi«^ate  tlie  ])resenc'e  of  antibodies  other  than  agglutinins  in  the  sera  of 
animals  inmuinised  by  inoculating 

{(()    the  filtered  products  of  growth — "Toxin." 

(b)  washed  bacilli, 

(c)  whole  cidtures. 

The  facts  obtained  from  this  section  of  the  inquiry  are: 

1.  That  even  when  agglutinating  sera  of  high  titre  are  used  the  bacillary 
Types  react  specifically. 

2.  That  even  after  very  frequent  sub-culture  extending  over  a  period 
exceeding  one  year,  the  bacilli  remain  true  to  type. 

3.  Anti-bacterial  qualities,  other  than  agglutinins,  can  be  evoked  by 
inoculating  whole  cultures  of  B.  tetani  into  animals.  For  technical  reasons 
the  anti-bacterial  body  which  was  most  fully  studied  was  of  the  nature  of  a 
"stimulin"  or  "opsonin." 

4.  Antitoxic  serum  obtained  by  inoculation  of  culture  filtrates  does  not 
stimulate  phagocytosis  of  whole  culture. 

5.  Inoculation  of  washed  cultures  does  not  evoke  the  elaboration  of  so 
active  an  "opsonin"  (for  whole  cultures)  as  does  inoculation  of  whole  cultures. 

6.  Washed  culture  and  whole  culture  appear  to  be  equally  active  in 
evoking  agglutinin  production. 

The  following  deductions  therefore  seem  permissible :  that  in  ivhole  cultures 
of  B.  tetani  three  antigens,  at  least,  appear  to  exist. 

{a)  The  bacillary  substance  itself — the  inoculation  of  this  leads  to  the 
development  of  agglutinins  which  are  specific  to  the  Types. 

(b)  An  antigen,  which  is  anti-phagocytic,  is  present  in  young  unfiltered 
cultures;  but  if  present  at  all,  is  only  found  in  small  quantity  in  filtrates. 
The  presence  of  this  antigen  in  an  inoculum  evokes  the  development  of 
"opsonins"  which  are  specific  to  the  Types. 

(c)  The  spasm-producing  toxin — an  antigen  which  is  filtrable  and  which, 
in  laboratory  animals  at  least,  does  not  appear  to  be  specific  to  the  Types. 

These  findings  suggest,  that  improvement  might  be  looked  for  in  serum 
prophylaxis  and  serum  therapeutics  from  the  employment  of  sera  possessing 
anti-bacterial  as  well  as  antitoxic  properties. 

The  demonstration  of  specific  opsonic  activity  further  suggests,  that  the 
typing  of  the  bacilli  may  be  of  some  import  in  the  pathology  of  the  disease. 

III.  In  Section  V  the  following  subjects  are  considered: 
(i)    The  mechanism  of  infection  in  tetanus. 

(ii)    The  influence  of  antitoxic  serum  on  infection  with  B.  tetani,  as  con- 
trasted with  its  influence  upon  intoxication  with  the  products  of  that  organism. 
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(iii)  The  relative  value  of  antitoxic  and  anti-hacterial  sera  for  prophy- 
lactic use. 

(iv)  The  demonstration  of  "whole  animaV  immunity  specific  to  the 
Types.  This  is  the  natural  corollary  of  the  experiments  undertaken  in  intro 
for  the  demonstration  of  anti-bdcteriiil  bodies  specific  to  the  Types.  From  the 
results  obtained  the  following  conclusions  mav  be  drawn: 

1.  That  the  spasm-producing  toxin  of  B.  tetani,  when  employed  in  sub- 
lethal doses,  does  not  produce  sufficient  local  devitalisation  of  tissue  to  permit 
of  the  growth  of  B.  tetani  when  inoculated  along  with  it. 

2.  That  the  toxin  of  B.  Welchii,  and  to  a  less  extent  that  of  Vibrion 
septique,  when  used  in  sub-lethal  doses,  do  produce  sufficient  devitalisation 
of  tissue  to  allow  of  the  development  of  tetanus  infection.  Antitoxins  to 
the  products  of  these  organisms  protect  animals  against  infection  with  B.  tetani 
when  such  products  are  used  as  tissue  debilitants. 

3.  The  protection  aft'orded  by  tetanus  antitoxin  can  only  be  partial,  for, 
if  the  degree  of  tissue  devitalisation  be  great,  antitoxin  used  prophylactically 
fails  to  prevent  the  occurrence  of  tetanus. 

4.  The  nature  of  the  substance  used  for  producing  devitalisation  of  tissue 
exerts  a  profound  influence  upon  the  development  of  tetanus  spores  in  the 
tissues.  In  guinea-pigs,  saponin  produces  a  lesion  which  always  results  in  the 
development  of  spores  of  B.  tetani  inoculated  along  with  it.  The  same  reagent 
fails  to  initiate  tetanus  infection  in  the  mouse.  Trimethylamine,  although  it 
may  cause  the  production  of  a  large  slough  in  mice,  only  infrequently  causes 
the  development  of  spores  of  B.  tetani  inoculated  along  with  it.  Calcium 
chloride  of  such  concentration  that  it  produces  no  obvious  local  lesion  will 
almost  invariably  cause  tetanus  spores  to  develop  in  these  animals. 

5.  Just  as  the  products  of  B.  Welchii  and  Vibrion  septique  induce  tetanus 
infection,  so  certain  other  relationships,  the  nature  of  which  is  at  present  not 
determined,  appear  to  depress  the  infectivity,  or  toxogenicity,  of  certain 
strains  of  B.  tetani. 

6.  The  experiments  described  in  this  section  suggest,  but  do  not  prove, 
that  while  monovalent  antitoxic  sera  exert  no  specific  neutralising  influence 
on  the  spasm-producing  toxins  of  any  one  Type,  they  may  nevertheless  exert 
a  specific  anti-infective  influence.  This  anti-infective  influence  is  quantitative, 
but  not  qualitative  in  character. 

7.  The  results  so  far  obtained  in  the  investigation  of  the  relative  value 
of  antitoxic  and  anti-bacterial  sera  are  equivocal.  They  suggest,  however,  that 
this  is  worthy  of  more  extended  investigation.  This  cannot  be  done  until 
larger  quantities  of  specific  sera  are  available. 

IV.  In  Section  VI  are  discussed  the  results  obtained  in  investigating  the 
influence  which  various  dressings  exert  upon  the  anaerobic  flora  of  wounds. 
From  this  inquiry  it  is  seen,  that  the  dressings,  which  we  were  in  a  position 
to  investigate,  exert  but  little  influence  upon  the  anaerobes  present  in  the 
wounds. 
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One  imporlaiH  fiicf  (MiuM-jrod  from  the  iiiV('sti<^ati()H,  luunely,  that  excision 
of  (lie  wound  aicii,  iii('s])(M'1iv('  of  the  (li('SHin<^.H  employed  in  treatment,  exerts 
a  lienelicent  inflnencc.  Anai'iohe  infection  is  relalively  less  when  this  pro- 
cedure is  employed  and  convalescence  is  established  at  an  earlier  date  than 
wImmi  other  niethoc^s  have  been  used. 

In  connection  with  this  work,  experiments  were  undertaken  to  determine 
tlu>  antisej)tic  value  of  certain  of  the  aniline  dyes.  It  is  found  that  the  anti- 
se])tic  activity  of  these  may  be  greatly  reduced  in  jjresence  of  fresh  tissue, 
althouLih  their  activity  may  not  be  reduced  in  presence  of  serum. 

Tetanus  bacilli  may  l)e  found  in  wounds  at  any  time  during  the  process  of 
liealing.  In  one  instance  B.  tetani  was  recovered  from  a  wound  882  days  after 
the  infliction  of  the  injury.  It  is  sometimes  difficult  to  demonstrate  the 
presence  of  B.  tetani  in  such  circumstances,  and  several  swabs  may  have  to 
be  taken  before  their  presence  is  appreciated  by  the  observer. 

V.  Examination  of  the  blood  of  patients  suffering  from  tetanus  showed 
that  agglutination  could  not  be  employed  as  an  aid  to  the  diagnosis  of  the 
disease — Section  VII. 

VI.  In  Section  VIII  is  discussed  the  possible  relationship  which  might 
exist  between  the  serological  Type  of  a  tetanus  bacillus,  and  the  haemagglu- 
tinating  Type  of  the  individual  from  whom  it  was  isolated.  No  relationship 
could  be  shown  to  exist  between  the  two. 

VII.  In  Section  IX  are  discussed  two  interesting  cases  of  abdominal 
tetanus. 

VIII.  In  Section  X  are  discussed  the  results  obtained  in  making  an 
examination  of  human  faeces  with  a  view  to  demonstrating  the  prevalence 
of  the  various  Types  of  B.  tetani  in  the  human  intestine.  Unfortunately, 
owing  to  the  numerous  other  and  more  pressing  problems  under  investigation, 
this  work  could  not  be  pursued  with  the  vigour  necessary  to  obtain  adequate 
information  which  would  permit  of  definite  conclusions  being  drawn. 

In  conclusion  we  wish  to  record  our  thanks  to  our  friends  and  colleagues 
who  have  assisted  in  the  prosecution  of  this  work  by  their  advice  and  kindly 
criticism.  To  Major-General  Sir  David  Bruce,  K.C.B.,  F.R.S.,  A.M.S.,  we  are 
especially  indebted  for  inviting  us  to  undertake  the  investigations,  to 
Lt.-Colonel  M.  H.  Gordon,  C.M.G.,  R.A.M.C.,  for  freely  offered  advice  and 
encouragement. 

That  section  of  the  work  which  deals  with  experiments  on  infection  was 
greatly  assisted  by  valuable  suggestions  offered  us  by  Dr  F.  Ransom,  and 
Capt.  W.  E.  Bullock,  R.A.M.C. 

We  also  owe  a  debt  of  gratitude  to  Lt.-Colonel  Sir  Alfred  Pearce  Gould, 
K.r.V.O.,  R.A.M.C.  (T.),  of  the  3rd  London  General  Hospital,  and  to 
Bt.-Colonel  R.  J.  C.  Cottell,  R.A.M.C,  of  King  George's  Red  Cross  Hospital, 
for  irivinfj  us  access  to  the  cases  which  furnished  material  for  the  investiga- 
tion  described  in  Section  VI  of  the  Report;  also  to  Dr  Thompson  and 
Capt.  Rhodes-Harrison,  R.A.M.C.  (T.),  for  their  interest  and  assistance  in  the 
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prosecution  of  the  work.  In  no  less  degree  do  we  appreciate  the  assistance 
of  the  surgeons  and  sisters  in  the  various  wards  of  these  Institutions. 

To  the  Governing  Body  and  Director  of  the  Lister  Institute  of  Preventive 
Medicine  we  are  greatly  indebted  for  placing  laboratory  accommodation  at 
our  disposal  and  for  generous  financial  assistance. 

We  also  beg  to  thank  Professor  F.  W.  Andrewes,  F.R.S.,  who  very  kindly 
arranged  for  the  collection  of  faeces  from  civilian  patients  at  St  Bartliolomew's 

Hospital. 

Pte  H.  C.  Wilson,  R.A.M.C,  by  his  untiring  devotion  to  the  work  and  by 
his  help  in  many  directions,  has  really  made  possible  the  successful  prosecu- 
tion of  the  investigation.  We  desire  to  record  our  appreciation  of  his  assistance 
and  warmly  to  appraise  his  energy  and  resource. 
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Following  the  capture  of  Jerusalem  and  in  the  early  months  of  191*8  Capt. 
C.  M.  Craig,  R.A.M.C,  obtained  a  culture  of  a  proteus-like  bacillus  from  the 
civil  Jewish  bacteriologist  of  that  city.  He  was  informed  that  this  organism 
was  being  extensively  used  by  German  and  Austrian  bacteriologists  on  the 
Eastern  front  for  the  diagnosis  of  Typhus  Fever.  After  making  some  pre- 
liminary observations  on  its  agglutination  by  the  sera  of  typhus  patients  he 
forwarded  the  culture  on  to  this  laboratory  for  further  investigation,  the 
preliminary  account  of  which  was  published  by  Craig  and  Fairley  (21  Sept., 
1918,  Lancety  pp.  385-6). 
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In  the  tollovviiig  pages  1  propose  to  put  on  record  a  further  series  oi  personal 
observations  fully  su})porting  the  conclusions  reached  in  the  above-mentioned 
report. 


1.    CONCERNING  CERTAIN  ETIOLOGICAL  ASPECTS  OF  TYPHUS  EEVER. 

Clinically,  Typhus  Fever  must  be  regarded  as  a  septicaemia.  The  typical 
course  of  the  disease,  the  temperature  chart,  the  dark  macular  or  petechial 
rash,  the  markedly  toxic  condition  of  the  patient  all  combine  to  im])ress 
this  conception  upon  even  the  casual  observer.  Furthermore,  as  Nicolle 
tirst  demonstrated,  the  virus  of  Typhus  is  present  in  the  peripheral  blood 
during  the  pyrexial  period,  for  it  may  then  be  transmitted  directly  to  certain 
species  of  monkeys  and  to  guinea-pigs  by  subcutaneous  injection  of  whole 
blood.  Under  natural  conditions,  however,  the  virus  is  transmitted  from 
man  to  man  by  the  louse  (Pediculus  humanusy.  Ricketts  and  Wilder  maintain 
that  blood  is  not  infectious  if  passed  through  a  Berkefeld  filter,  but  Nicolle 
reports  that  the  virus  is  filterable.  Many  organisms  have  been  suggested  as 
the  causative  agent  in  the  production  of  this  disease,  especially  bacillary, 
diplobacillary,  and  diplococcal  forms.  As  recently  as  1917  Futuki  has  de- 
scribed a  spirochaete  resembling  T.  follidurn  as  occurring  in  the  kidney  and 
supra-renal  glands  of  patients  dying  of  Typhus.  The  same  organism  was  found 
in  the  kidney  of  a  monkey  inoculated  with  Typhus  Fever. 

The  organism  having  most  claim  to  pathogenicity  appears  to  be  the  B. 
t (J phi-exanthematici  isolated  by  Plotz^  from  the  blood  of  typhus  patients  in 
1915.  It  is  a  small  pleomorphic  Gram  positive  non-motile  bacillus  growing 
anaerobically  in  ascitic  fluid  sterile  tissue  media.  The  sera  of  convalescents 
from  typhus,  according  to  Rabinowitch,  show  both  positive  complement 
fixation  and  agglutination  reactions  for  this  organism  when  used  as  antigen. 
Olitsky^,  in  his  recent  immunological  studies  on  this  bacillus,  has  confirmed 
these  serological  reactions  and  has  shown  the  presence  in  typhus  serum  of 
the  following  specific  antibodies,  i.e.  agglutinins,  precipitins,  immune  op- 
sonins, anaphylactic  substances  and  complement-fixing  bodies.  Numerous 
other  organisms  have  been  described  by  various  investigators  until  the 
literature  on  the  etiological  aspects  of  Typhus  Fever  has  become  as  obscure 
as  it  is  voluminous.  Furthermore  despite  all  past  observations  on  the  subject 
no  laboratory  test  of  diagnostic  value  had  been  evolved.  The  recent  claims, 
therefore,  of  Weil  and  'Felix*  regarding  the  diagnostic  reliability  of  their 
agglutination  reaction  have  become  a  matter  of  importance  to  the  clinician 
and  the  pathologist  alike. 

1  A  full  account  will  be  found  in  Nuttall  (1917),  "The  part  played  by  Pediculus  humarius  in 
the  causation  of  disease."    Parasitology,  vol.  x.  pp.  44-57,  74-75. 
-  Plotz,  Olitsky  and  Baehr  (1915),  Journ.  Inject.  Bis.  xvii.  1-68. 
^  Olitsky  (1917),  Journ.  Immunology,  n.  363. 
*  Weil  and  FeUx  (1917),  Wien.  klin.  Wochenschr.  xxx.  393-9;  Vitecek,  Ibid.  967-972. 
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Ill  I!)  I")  \\'(mI  and  l^'clix,  while  inv(;sti<^atiM<(  a  ^noiip  of  cases  thought  to 
be  eiiteiicn  but  ^'iving  negative  Widal  reactions,  isolated  an  organism  fForn 
the  urine  whicli  was  agglutinated  by  the  patient's  scrum  in  a  dilution  of 
I  in  200.  The  scrum  ol"  nine  other  cases,  all  ol  u  liicli  proved  to  be  Typlius 
Fever,  likewise  agglutinated  this  organism  which  was  identified  as  belonging, 
to  the  proteus  group.  This  organism  was  named  the  X  2.  Later  the  same 
observers  isolated  from  the  urine  a  second  strain  of  a  similar  bacillus  known 
as  the  X  19,  which  difTcred  from  X  2  in  being  agglutinated  in  a  very  much 
higher  titre  by  the  sera  of  typhus  patients  (1  in  2000).  A  number  of  other 
German  and  Austrian  workers^  have  reported  favourably  on  the  reaction 
during  the  pa^t  year. 

2.    CHARACTERISTICS  01^^  ORGANISMS  USED  IN  THE  INVESTIGATION. 

The  organism  utilised  in  the  following  investigation  proved  to  be  a  Gram 
negative  slightly  motile  short  bacillus.  It  grows  anaerobically  on  all  ordinary 
media  such  as  agar  and  MacConkey's  media,  and  liquefies  gelatin.  It  pro- 
duces acid  and  gas  in  glucose,  saccharose,  maltose  and  mannite,  but  does  not 
ferment  dulcite  or  lactose.  It  produces  indol  freely  and  acid  without  clot 
formation  in  milk.  Subcutaneous  inoculation  with  2  c.c.  of  a  24  hours'  broth 
culture  proved  non-lethal  to  guinea-pigs. 

3.    AGGLUTINATION  PHENOMENA  IN  TYPHUS  FEVER. 

Every  case  in  the  following  series  was  a  typical  clinical  case  of  Typhus 
Fever.  In  seven  cases  complications  existed  at  the  time  the  blood  was  col- 
lected for  examination.  In  three  cases  broncho-pneumonia  was  present;  in 
another  case  there  was  a  pelvic  cellulitis  secondary  to  perforation  of  an  ulcer 
of  the  rectum;  in  three  other  cases  parotitis  had  supervened. 

The  blood  picture  was  investigated  in  tw^elve  uncomplicated  cases. 
Absence  of  leucocytosis,  or  a  definite  leucopaenia,  was  the  rule  during  the 
first  week,  but  this  was  generally  replaced  by  a  moderate  grade  of  leucocytosis 
during  the  second  w^eek  (10,500  to  14,000  per  cmm.).  The  differential  count 
in  the  second  week  show^ed  an  absolute  and  relative  increase  in  the  polymor- 
phonuclear neutrophile  elements  and  a  decrease  in  the  eosinophile  cells. 

The  agglutination  was  carried  out  in  all  cases  on  a  Garrow's  agglutino- 
meter^,  the  results  were  read  after  five  minutes  rocking.  Controls  were  used 
in  every  instance.  In  a  number  of  cases  concomitant  observations  were 
made  by  using  the  macroscopic  method  of  tube  agglutination  and  incubating 
at  37°  C.  for  four  hours. 

With  the  prevailing  temperature  conditions  of  Egypt  I  have  always  found 
the  Garrow's  agglutinometera  most  reliable  instrument.  Economy  of  material, 

^  Sterling  and  Sterling,  Wiert.  klin.  Wochenschr.  xxx.  972-4;  Ballner  and  Finger,  Ihid.  966-7; 
Dadez  and  Kvahelsha  (1917).  Munchen.  med.  Wochenschr.  lxiv.  1379-1381. 
-  Garrow  (1917).  Lancet,  i.  262. 
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the  rapidity  with  which  results  can  be  read,  and  the  eliiniiiation  of  tlie  ieebie 
agglutinating  power  of  certain  sera  upon  this  organism,  are  the  great  advan- 
tages of  this  method. 

Using  this  instrument  I  regard  an  agglutination  of  1/40  as  diagnostic  of 
Typhus  Fever.  Up  to  the  6th  day  of  the  disease  an  agglutination  in  a  dilution 
of  I  in  20  should  be  regarded  as  sufficient  evidence  on  which  to  isolate  a 
case. 

Analysis  of  Cases. 

(a)  Thirty-five  cases  were  examined  during  the  pyrexial  period.  The 
titres  of  the  agglutinations  were  as  follows: 


Day 

Cases 

Titre 

5th 

1 

1/40 

Otli 

2 

1/80,  1/320 

8th 

3 

1/80,  1/80,  1/1280 

9th 

3 

1/20,  1/40,  1/640 

10th 

9 

1/80,  1/lGO,  1/lGO,  1/320,  l/()40,  1/640,  1/1280,  1/1280 

11th 

2 

1/40,  1/1280 

12th 

5 

1/20,  1/80,  1/80,  1/640,  1/1280 

13th 

5 

1/640,  1/640,  1/1280,  1/1280,  1/1280 

In  five  febrile  cases  the  exact  day  of  the  illness  was  not  known.  The 
titres  of  the  agglutinations  obtained  were  1/40,  1/320,  1/320,  1/1280,  1/2560. 

(b)  The  sera  of  twenty-five  convalescent  cases  gave  positive  reactions  as 
follows : 


Day  of 

convalescence 

Cases 

Titre 

1st 

2 

1/160,  1/1280 

2nd 

2 

1/20,  1/1280 

3rd 

2 

1/40,  1/160 

4th 

3 

1/160,  1/160,  1/640 

5th 

2 

1/40,  1/160 

6th 

4 

1/640,  1/640,  1/1280,  1/2560 

7th 

1/1280 

8th 

1/640 

9th 

2 

1/160,  1/640 

10th 

1/160 

12th 

1/320 

14th 

1/1280 

15th 

1/640 

IGth 

1/80 

22nd 

1/320 

Progressive  agglutination  readings  were  made  in  four  cases  as  follows: 


Case  1.  3rd  day.  negative  1/20 

6th    „  „         1/20 

8th    „  „         1/20 


2  days  after  crisis  1/20  positive 
6     „        „         „      1/20        „ 
11     „        „        „      1/80        „ 


This  case  constituted  the  mildest  clinical  type  of  Typhus  Fever  of  the 
series. 
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Case  2.  r)i\\  day,  nogativo  1/20  !)tli  day,  positive  1/1(50 

7Mi     „  „         l/M)  nth     „  „        1/I2S0 

This  palicul  died  of  a.ii  ovcrA'licIiiiin^^  loxaciiiia,  on  j  he  I  lM  li  (la\'  ol  illness. 

Case's.  <itli  (lay,  pftmtivc  l/:{20 

8th    „  „        l/()40 

10th     „  „         1/040 

12  (lays  aftor  crisis  positive  I/IfiO 

This  patient  on  the  (ith  (hiy  of  illness  developed  l)i()n(lio-|)nenrnonia. 

Case  4.  (ith  day,  positive  1/80 

8th     „  „         1/80 

13th    „  „        1/(540 

This  patient  recovered. 

(c)  Time  incidence  in  the  appearance  of  agglutinin: 

In  the  series  of  cases  under  review  the  observations  made  during  the  first 
week  of  the  disease  are  very  limited,  but  in  the  preliminary  report  of  Capt. 
C.  M.  Craig  and  the  writer,  the  agglutination  reactions  in  twenty-five  cases 
between  the  4th  and  7th  day  of  the  disease  were  recorded. 

These  results  were  as  follows: 

Titre 
1/10,  1/10,  1/40,  1/50,  1/100,  1/1000 
1/10,  1/10,  1/10,  1/40,  1/50,  1/50,  1/50,  1/50,  1/80,  1/lGO 
1/50,  1/50,  1/50,  1/80,  1/100,  1/320 
1/10,  1/20,  1/320 

During  the  above-mentioned  period,  though  agglutinin  was  definitely 
present,  its  titre  was  not  nearly  as  high  as  in  the  subsequent  course  of  the 
disease.  In  the  2nd  and  3rd  weeks  of  the  disease  {i.e.  in  the  2nd  week  of  the 
febrile  period  and  in  the  first  week  of  convalescence)  the  maximum  height  of 
the  agglutinin  curve  is  attained,  as  may  be  ascertained  by  a  perusal  of  the 
preceding  tables. 

A  certain  proportion  of  the  cases  do  not  develop  agglutinin  during  the 
course  of  the  fever.  In  the  present  series  5  out  of  65,  or  7-7  %  of  the  cases, 
failed  to  agglutinate  B.  proteiis  in  a  dilution  of  1  in  20  of  patient's  serum. 
In  four  of  these  cases  the  agglutinin  content  was  not  investigated  during 
convalescence.  The  remaining  case  developed  agglutinin  during  the  first 
week  of  convalescence. 

(d)  The  agglutinin  content  of  the  patient's  blood  and  its  bearing  on  the 
prognosis : 

There  appears  to  be  no  direct  relationship  between  the  amount  of  agglu- 
tinin present  in  the  circulating  blood  and  the  clinical  aspect  of  the  case. 
In  the  present  series  the  mildest  case  had  no  agglutinin  for  B.  proteiis  until 
the  2nd  day  of  convalescence,  whereas  some  of  the  most  fatal  cases  had  well 
marked  agglutination  established  as  early  as  the  5th  day  of  fever.  Other 
cases  dying  later  in  the  disease  (Uth  to  K3th  day)  only  developed  agglutinin 
twenty-four  hours  before  death. 
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Day 

Cases 

4th 

6 

5th 

10 

6th 

6 

7th 

3 
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(e)   Control  reactions: 

The  sera  of  120  known  net/ative  cases  have  been  examined  for  agglutina- 
tion against  this  proteus-like  organism. 

Of  the  protozoal  diseases,  tvventj-five  cases  of  syphilis,  thirty  cases  of 
relapsing  fever,  and  thirty  cases  of  malaria  (twenty-five  cases  of  sub-tertian 
infection,  four  cases  of  benign  tertian,  and  one  case  of  quartan)  were  examined 
with  negative  results. 

The  bacterial  infections  which  included  cases  of  influenza,  pneumonia,  un- 
dulant  fever,  and  enterica  group  yielded  negative  results  with  two  exceptions. 

In  these  two  cases  (with  Garr6w's  agglutinometer)  agglutinations  in  a 
titre  of  1  in  10  were  obtained  but  the  reaction  failed  with  higher  dilutions. 

Recently  Captain  C.  M.  Craig,  R.A.M.C.,  informed  me  he  has  observed 
an  agglutination  of  1/1000  with  B.  froteus  in  a  definite  case  of  typhoid  fever, 
but  he  was  unable  to  exclude  a  previous  Typhus  infection. 

In  a  group  of  seven  cases  of  Typhus  which  were  tested  against  stock 
culture  of  B.  typhosus  and  B.  faratyfhosus  A  and  B,  during  the  pyrexial 
period,  six  yielded  negative  results.  In  the  other  case  which  had  been  inocu- 
lated with  T.A.B.  nine  months  previously,  B.  paratyphosus  A  and  B  yielded 
a  positive  agglutination  with  the  patient's  serum  in  a  dilution  of  1/40,  while 
B.  ti/))hosus  yielded  agglutination  in  a  dilution  of  1/1280.  At  autopsy  infection 
with  B.  typhosus  was  definitely  excluded  in  this  case. 

The  sera  of  convalescent  Typhus  patients  tested  against  stock  culture  of 
B.  shiga,  B.  flexner,  Y,  M.  ynelitensis,  cholera  vibrio,  and  B.  coli  all  yielded 
negative  results.  Similarly  B.  proteus  failed  to  be  agglutinated  by  standard 
immune  sera  of  B.  shiga,  B.  flexner,  B.  typhosus,  B.  paratyphosus  A  and  B, 
and  of  the  cholera  serum  prepared  by  the  Lister  Institute. 

4.    COIMPLEMENT-FIXATION  REACTION. 

Technique  employed;  preparation  of  reagents  and  of  antigen  from 
B.  proteus. 

As  the  sera  of  typhus  patients  agglutinated,  in  a  high  titre,  a  saline  sus- 
pension of  this  proteus-like  organism,  an  investigation  was  carried  out  by 
means  of  the  complement-fixation  method  (Bordet  and  Gengou,  1901,  Ann. 
Inst.  Pasteur y  XY.): 

Complement-fixation  reactions  are  dependent  on  the  fact  that  when  anti- 
gen, inoculated  serum  ( f  immune  body)  and  complement  are  mixed  together 
immune  body  firmly  combines  with  antigen  and  complement  in  such  a  manner 
that  complement  can  no  longer  be  found  free  in  the  mixture.  If  such  a 
mixture  is  allowed  to  stand  at  a  suitable  temperature,  i.e.  37°  C,  for  one 
hour  or  more,  and  to  it  is  added  a  suspension  of  red  blood  corpuscles  sensi- 
tized with  a  suitable  quantity  of  haemolytic  serum,  no  haemolysis  will  take 
place  since  there  is  no  free  or  available  complement.  This  constitutes  a  positive 
reaction  and  proves  the  presence  of  specific  immune  body  in  the  inactivated 
serum. 
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Tf  the  conipl(Mn(Mit  is  not  fixed  then  liaeinolysis  ensues;  this  constitutes  a 
nei^'iitive  reaction  and  deinonstrntes  the  ai)sence  of  specific  irnniun(^  f)ody  in 
tlie  seiiini  unih'r  investi<j;ati()n. 

Tlie  antii^ens  used  \ver(«  in  fresh  saline  (()-H5  %  NaCl  and  0-5%  phenol) 
susjx'iision  pi'e[)aii'(l  from  a  Iwenlv-four  houis'  growth  of  tliis  organism  on 
agar  sh)pes. 

The  leclnii()ue  employed  was  simihii'  to  that  used  in  the  ordinary  qvanti- 
l(ftir<'  \Vass(Minaiin  icaclioii.  Three,  six,  nine  and  sometimes  twelve  minimum 
haemolytic  doses  of  complement  were  used  in  the  test. 

In  the  first  stage  of  the  reaction,  (juantities  of  antigen,  immune  serum 
and  complement  were  mixed  together  for  one  hour  at  37°  C.  Subsequently 
sensitized  sheep's  corpuscles  were  added  and  final  readings  were  made  after 
another  hour's  incubation  at  37°  C. 

The  results  were  recorded  as  follows: 

1.  P+  +  +  +  fixation  of  12  M.  H.  doses  of  complement 

2.  P+  +  +  „  9 

3.  P++  „  6 

Antigen.  The  antigens  employed  in  the  present  investigation  were  pre- 
pared by  two  methods : 

Antigen  A.  This  antigen  consisted  of  a  fresh  saline  (v.  supra)  suspension 
of  a  tw^enty-four  hours'  growth  of  B.  proteus  on  agar  slants  (this  antigen  was 
the  one  used  in  fifty-eight  cases  of  Typhus  Fever,  and  in  animal  and  human 
inoculation  experiments). 

Antigen  B.  In  this  method  the  (fresh)  saline  suspensions  prepared  from 
growths  of  B.  frotexis  on  agar  slopes  (twenty-four  hours  old),  were  heated  to 
56°  C.  for  one  hour  and  then  carefully  centrifuged.  The  supernatant  sus- 
pension was  utilised  as  antigen.  (This  was  used  to  investigate  nine  cases  of 
Typical  Typhus.)  In  standardising  the  antigen  it  was  found  advisable  never 
to  use  more  than  one-third  the  anti-complementary  dose. 

Haemolytic  serum  was  obtained  from  rabbits  by  injecting  intraperitone- 
ally  and  intravenously  sheep's  corpuscles  in  progressively  increasing  doses. 
The  serum  used  in  these  tests  was  one  of  high  titre  (1/4000).  To  sensitize 
the  sheep's  corpuscles  four  minimum  haemolytic  doses  of  amboceptor  or 
haemolytic  serum  were  used.  The  M.H.D.  of  the  amboceptor  was  taken  to  be 
that  amount  of  haemolytic  serum  just  sufficient  to  produce  in  one  hour 
at  37°  C.  complete  lysis  in  one  volume  of  a  3  %  suspension  of  sheep's  corpuscles 
with  four  or  five  M.H.D.'s  of  complement. 

Sheejis  corpuscles.  Equal  quantities  of  sheep's  blood  were  mixed  with 
2  %  sodium  citrate  in  physiological  saline.  Requisite  amounts  of  this  mixture 
received  three  washings  with  nine  times  the  volume  of  physiological  saline, 
and  were  finally  made  up  to  the  equivalent  of  a  3  %  suspension  of  sheep's 
corpuscles  in  the  same  solution. 
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Sensitization  of  corfuscles.  After  four  M.H. D.'h  of  amboceptor  had  been 
added,  the  suspension  of  corpuscles  was  placed  in  the  incubator  at  37°  C.  for 
thirty  minutes,  and  after  sensitization  kept  in  the  ice-chest  till  required. 

Patient's  serum.  Blood  was  usually  obtained  on  the  day  preceding  the 
test,  and  kept  in  the  ice-chest  till  required.  The  serum  was  diluted  with  four 
times  its  volume  of  physiological  saline,  and  heated  to  55-5°  C.  for  twenty 
minutes.  Heating  in  this  manner  destroys  complement  and  inhibits  the  anti- 
complementary properties  of  certain  sera. 

Complement.  The  complement  used  was  obtained  from  well-nourished 
guinea-pigs,  and  collected  under  sterile  conditions.  The  M.H.D.  of  comple- 
ment was  always  obtained  by  preliminary  titration.  The  reagents  were 
measured  out  by  means  of  Donald's  dropping  pipettes. 

The  arrangement  of  the  systems  for  the  final  tests  was  as  follows: 

Row  No.  I.     Antigen  1  vol.  \ 

Patient's  serum  1     „        +2  vols,  saline  (0-85  %) 


Complement  (3  M.H.D.'s)  1 


;:  J 


Mow  No.  2.     Antigen  1     „     \ 

Patient's  serum  1     „      \  +  ^  ^^^l.  saline 

Complement  (6  M.H.D.'s)  2  vols.  J 

Row  No.  3.     Antigen  1  vol.  ^ 

Patient's  serum  1    ,,      ^ 

Complement  (9  M.H.D.'s)  3  vols.  J 

Roiv  No.  4.     Patient's  serum  1  vol.  )       „      ,        ,. 

T^..   .    T  ,  .  ,..  T»T  xr  TA  >  \    1  +3  vols,  salme 

Diluted  complement  (3  M.H.D.'s)    1    „     ) 

Row  No.  4  serves  as  a  serum  control  and  any  anti-complementary  tendency 
in  each  serum  examined  is  thereby  demonstrated. 
Additional  controls  used  in  the  test  were : 

(1)  Antigen  control,  i.e.  1  vol.  of  antigen  and  4  vols,  of  saline  (0-85  %). 

(2)  Antigen  1  vol.,  pooled  negative  serum  1  vol.,  3  vols,  of  saline  (0-85  %). 

(3)  Where  possible  a  sure  positive  serum  was  included  in  the  series  {i.e.  a  monkey  inoculated 
with  B.  proteus). 

Analysis  of  Results. 

Comflement- fixation  reactions  in  the  sera  of  typhus  patients. 

In  all  fifty-eight  sera  collected  from  typhus  cases  in  different  stages  of 
the  disease  were  examined.   Their  agglutination  reactions  were  as  follows: 

In    1  case  the  titre  was  1/2560 


13  cases 

,       1/1280 

15     „ 

,       1/640 

c    „ 

,       1/320 

9     „ 

,       1/160 

0     „ 

,       1/80 

5     „ 

,       1/40 

3     „ 

,       1/20 
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As  far  iiH  possible  blood  was  collected  from  tlie  cases  diiiin*^'  the  second 
week  of  fever  or  in  the  iirst  week  of  convalescence  (i.e.  8tli-2l8t  days),  during 
that  period  when  the  agj^lutiniii  content  was  at  a  maximum. 

Ill  lifty-live  out  of  lil"ty-ei<(ht  of  the  cases  examined  the  complement- 
lixatioii  i(\ictions  were  negative.  In  one  case  a  P+  +  4-  reaction  was  obtained, 
in  another  case  there  was  a  similar  reading,  but  the  control  showed  the  scrum 
to  be  anti-complementary.    In  one  other  case  a  P++  reaction  was  recorded. 

Examination  of  non-typhus  sera. 

Kighty-three  sera  from  non-typhus  cases  were  examined.  Of  these 
eighty  yielded  negative  results  and  three  yielded  pseudo-positive  reactions. 
One  case  of  rheumatic  fever  gave  a  P-f +  -|--|-  reaction,  and  two  cases  of 
syphilis  yielded  a  P++  reaction.  The  sera  of  twelve  other  cases  of  syphilis 
yielding  positive  Wassermann  reactions  were  negative. 

Investigation  of  the  amount  of  complement  fixed  by  pooled  typhus  serum 
in  the  presence  of  B.  proteus  as  antigen. 

A  pooled  serum  was  prepared  from  nine  cases  of  Typhus  all  of  which 
yielded  high  titre  agglutinations.  The  amount  of  complement  fixed  by  this 
serum  in  the  presence  of  B.  proteus  as  antigen  was  found  to  be  identical  with 
the  amount  fixed  by  a  pooled  serum  prepared  from  eleven  non-typhus 
patients.   Less  than  IJ  M.H.D.'s  of  complement  were  fixed  in  each  system. 

Conclusion.  It  follows  from  the  above  experiments  that  the  formation 
of  agglutinin  in  the  blood  of  typhus  cases  for  this  particular  kind  of  B.  proteus 
is  not  accompanied  by  the  formation  of  immune  body,  as  indicated  by  the 
complement-fixation  reaction. 

EXPEKIMENTS  ON  AnIMALS. 

Ten  monkeys  were  experimented  on  (seven  Cercopithecus  and  three  Macacus 
rhesus). 

Of  these  ten  monkeys  four  were  used  as  controls  throughout  the  investi- 
gation. The  six  others  were  injected  sub-cutaneously  with  one  dose  of  from 
1  to  2  c.c.  of  a  twenty-four  hours'  broth  culture  of  B.  proteus.  In  only  one  of 
these  monkeys  was  a  second  injection  given  and  this  was  to  a  monkey  labelled 
"Z"  at  an  interval  of  ten  days  following  the  first  injection. 

In  every  case,  prior  to  inoculation,  the  serum  of  the  monkey  was  investi- 
gated for  complement  fixation  and  agglutination  reactions  against  this 
organism.  All  had  negative  complement  fixation,  and  all  yielded  negative 
agglutination  reactions  in  dilution  of  one  in  ten  with  one  exception  only. 
In  this  case  (monkey  "  W")  a  positive  agglutination  of  monkey's  serum  in  a 
titre  of  one  in  ten  was  obtained  but  the  reaction  vanished  in  a  higher  dilution 
of  1  in  20.  None  of  the  inoculated  monkeys  showed  obvious  signs  of  sickness. 

A  perusal  of  Table  I  will  show  the  serological  reactions  of  monkeys  in- 
oculated sub-cutaneously  with  broth  cultures  of  this  organism. 
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An  analysis  of  the  protocol  will  also  show  that  in  all  cases  a  positive  com- 
plement-tixation  reaction  was  obtained.  In  live  out  of  the  six  cases  this  was 
present  within  twelve  days  of  inoculation.  In  the  sixth  case  (monkey  "D") 
the  complement-fixation  reaction  was  negative  on  the  ninth  day,  though  it 
became  positive  on  the  eighteenth  day.  The  agglutination  response  in  this 
case  was  not  as  intense  as  usual. 

In  all  these  cases  accompanying  the  appearance  of  agglutinin  in  the  blood 
serum  of  the  inoculated  monkeys,  immune  bodies  were  produced  which  had 
the  property  of  fixing  complement  in  the  presence  of  its  specific  antigen, 
namely  B.  proteus. 

Inoculation  of  Man  with  B.  proteus. 

In  order  to  observe  the  serological  and  clinical  effects  produced  by  sub- 
cutaneous injections  of  B.  proteus  two  of  the  laboratory  staff  (R.  C.  S.  and 
N.  H.  F.)  were  inoculated  sub-cutaneously  with  a  saline  suspension  of  3000 
million  living  B.  proteus.  In  both  cases  a  systemic  reaction  followed  (general- 
ised aches  and  pains,  headache,  fever  100-102°  F.);  but  these  symptoms  dis- 
appeared within  forty-eight  hours.  A  local  inflammation  occurred  at  the  site 
of  inoculation.  In  one  case  resolution  without  suppuration  followed,  in  the 
other,  on  the  ninth  day,  the  site  of  inoculation  was  incised.  A  small  amount 
of  sterile  pus  was  present. 

Table  I. 
Serological  Reactions  in  Infected  Monkeys. 

Monkey  "Z"         Monkey  "W"        Monkey  "X"         Monkey  "V"       Monkey  "D"     Monkey  "A" 


Agglu-    Comple-    Agglu-     Comple-    Agglu-     Coraple-    Agglu-    Comple-    A^glu-    (^omple-  Agglu-     Coin- 
tina-         ment        tina-         ment         tina-  nient         tiua-        ment        tina-        ment       tina-   plement 

finn  fiYflfinn  finn  fivaf.ifMi  fwiii  Hvafinn  finn  tivn.t.inn  t.inn  tiviif.inn         t.inn       flYSLt.inn 


Pays 

after 
inocu- 
lation     tion       fixation       tion        fixation       tion        fixation       tion       fixation      tion       fixation     tion    fixation 

•  4  1/20              —  —  -              -  _______ 

6  1/160  P+  +  +  +  1/320  _________ 

9  1/640             —  1/2560  P+  +  +  +  1/1280  P+  +  -f+       —  —           1/150         Neg.           —           — 

12  1/1280  P+  +  +  +  _  _               _  _  1/640    P+  +  +  +       -                -           1/160     P+-f 

18  1/1280  P+  +  +  -I-  —  —  1/640  _              _              _           1/320    P  +  +  +  +      ^-           _ 

25           —               —  1/320  P+  +  +  +  1/320  P+  +  +  +       —  —  1/320    P  +  +  +  +      -           _ 

35  1/640  P+  +  +  +  —  -               —  —  —              —              ____ 

53  1/40            Neg.  1/160  P++  1/160  P++  -             —           1/20          Neg.           -          — 

Table  II. 
Serological  Reactions  in  Man  inoculated  with  living  B.  proteus. 

Case  1  Case  2 


Days  after 
inoculation 

Agglutination 

Before 

Neg. 

6th  day 

1/360 

13th    „ 

1/160 

18th    „ 

1/80 

_A_ 


--''>^-_ 


Complement  Complement 

fixation  Agglutination  fixation 

Neg.                     Neg.  Neg. 

P++                   1/160  P  + 

P+                       1/640  P+  + 

Neg.                    1/640  P+  + 
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Tilt*  icsult  ol  the  .s(M()l()<^ic'.;il  reactions  olj.scivcd  will  he,  lound  in  Tal)Je  ]J. 
Ill  both  cases  agglutinin  and  c()in[)Ienicnt  iixing  bodies  a])])earcd  in  the 
circulating  blood  a  lew  days  after  inoculation. 

-).    SIGNIFICANCE  AND  EXPLANATlUiN  OF  THE  WEIL-KELIX  KEACTION. 

Naturally  the  signiiicanco  of  the  Weil-Felix  reaction  lias  caused  much 
discussion.  The  general  concensus  of  opinion  as  quoted  in  a  leading  article 
in  the  British  Medical  Journal  (12.  i.  1918),  including  that  of  Weil  and  Felix 
themselves,  is  that  B.  proleu.s  is  not  the  real  cause  of  Typhus,  but  a  specific 
secondary  invader  of  the  body  which  accompanies  the  unknown  virus  of 
the  disease. 

That  B.  proteus  is  not  the  causative  agent  in  Typhus  is  indicated  by  the 
facts  that  (1)  it  cannot  be  isolated  from  blood  cultures  made  during  the 
pyrexial  period;  (2)  it  is  non-pathogenic  to  man  and  monkeys  when  inocu- 
lated sub-cutaneously. 

The  secondary  invasion  hypothesis,  while  superficially  plausible  and  while 
accounting  for  the  presence  of  high  titre  agglutinins  in  the  blood  serum  of 
typhus  cases,  is  incompatible  wdth  the  following  facts: 

(1)  Systematic  cultural  investigations  of  the  blood  of  typhus  cases  over 
different  periods  of  the  disease  and  also  of  the  urine,  save  in  very  rare  cases  ^, 
yield  negative  results,  even  though  B.  proteus  grows  aerobically  and  very 
readily  on  all  the  ordinary  laboratory  media ;  furthermore  it  must  be  remem- 
bered that  in  any  case  systematic  cultural  examinations  of  the  urine  of  any 
large  series  of  cases  will  reveal  an  occasional  B.  proteus  infection,  hence  the 
cultural  findings  of  Weil  and  Felix  are  by  no  means  conclusive. 

(2)  Serological  investigations  of  typhus  sera,  while  showing  the  presence 
of  agglutinin  for  B.  proteus,  have  failed  to  demonstrate  the  presence  of  immune 
body;  whereas  sub-cutaneous  injections  into  monkeys  and  man  have  been 
followed  by  the  production  of  agglutinin  and  complement  fixing  antibody. 

My  observations  here  are  entirely  in  disagreement  with  those  of  Wagner 
(1917,  Milnchen.  med.  Wochenschr.  p.  792),  who  claims  to  have  obtained 
positive  results  with  the  complement-fixation  test  using  B.  proteus  as  antigen 
in  five  out  of  six  cases  of  Typhus  so  investigated. 

Per  contra  my  results  showed: 

(1)  No  increased  tendency  for  fixation  of  complement  by  a  pooled  typhus 
serum  in  the  presence  of  B.  proteus  antigen  over  that  quantity  fixed  by  a 
pooled  negative  serum  under  similar  conditions. 

(2)  Fifty-five  out  of  fifty-eight  cases  of  definite  Typhus  Fever  yielded 
negative  complement-fixation  reactions. 

(3)  Using  an  identical  technique,  monkeys  and  man  after  sub-cutaneous 
inoculations  invariably  yielded  positive  complement-fixation  reactions. 

^  Craig  and  Fairlcy,  loc.  cit. 
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In  consequence  of  these  findings,  and  in  contra-distinction  to  the  generally 
accepted  view,  I  hold  that  the  only  satisfactory  explanation  of  the  Weil-Felix 
agglutination  reaction  is  to  regard  the  phenotnenon  as  due  to  a  secondary  or 
heterologous  agglutinin  (Nebenagglutinin ) . 

It  would  be  a  matter  of  considerable  interest  to  investigate  the  residual 
agglutinin  in  typhus  sera  after  saturation  with  suspensions  of  B.  tyjjhi-ex- 
anthematici  Plotz  and  B.  proteus  Weil  and  Felix.  Additional  data  might 
thereby  be  obtained  concerning  the  etiological  significance  of  both  micro- 
organisms. 

Posselt  and  Sagasser  (1903,  Wien.  klin.  Wochenschr.  No.  24)  showed  that 
in  immunisation  there  is  not  only  an  increase  in  the  amount  of  agglutinin  for 
the  organism  injected  but  also  of  secondary  agglutinins  {Nebenagglutinine) 
which  act  on  other  organisms.  Thus  they  found  that  while  the  serum  of  a 
guinea-pig  immunised  against  B.  typhosus  contained  specific  agglutinin  for 
that  organism,  even  in  a  titre  of  1/12,000,  it  also  had  developed  secondary 
heterologous  agglutinins  for  V.  cholerae  of  a  titre  of  1  in  4500,  and  for  B.  dysen- 
teriae  of  a  titre  of  1  in  4000. 

Later  Ballner  and  Sagasser  showed  that  at  times  these  secondary  agglu- 
tinins are  markedly  increased  and  that  inocidation  with  certain  organisms 
like  B.  tetani  and  Friedlander's  bacillus,  while  leading  to  the  formation  of 
but  few  specific  agglutinins  {Hauptagglutinine),  produced  numerous  secondary 
heterologous  agglutinins. 

A  review  of  the  literature  certainly  leads  to  the  conviction  that  the  sera 
of  typhus  cases  must  be  particularly  rich  in  these  secondary  agglutinins. 

Thus  agglutinins  in  typhus  sera  have  been  described  by  the  following 
observers  for  the  following  micro-organisms : 

(1)  For  B.  typhi-exantheniatici  by  Plotz  {loc.  cit.). 

(2)  For  Bacillus  "U"  by  Wilson  (Journ.  Hygiene,  1909,  ix.  316-337;  ibid. 
1910,  X.  155).  This  organism  is  a  variant  strain  of  B.  coli  and  was  isolated 
from  the  faeces  of  a  case  of  Typhus  during  the  Belfast  epidemic  of  1908. 
Wilson  attributes  this  agglutination  to  the  presence  of  secondary  heterologous 
agglutinin. 

(3)  For  Bacillus  typhosus,  Wilson  (loc.  cit.)  reports  positive  agglutination 
in  a  titre  of  1  in  50  as  existing  in  the  sera  of  eighteen  out  of  thirty-one  cases 
of  Typhus,  and  concluded  that  the  Widal  reaction  was  of  no  value  in  dis- 
tinguishing Typhus  Fever  from  Typhoid. 

(4)  Hornicki,  in  Manchuria,  isolated  an  organism  allied  to  Bacillus  "U" 
of  Wilson  from  the  urine  and  faeces  of  typhus  cases  and  reported  positive 
agglutination  reactions  with  the  sera  of  typhus  patients. 

(5)  Weil  and  Felix  (loc.  cit.)  have  described  two  strains  of  B.  proteus  (the 
X  2  and  the  X  19)  which  have  already  been  referred  to  in  detail. 

Wherein  lies  the  explanation  of  this  almost  promiscuous  agglutinating 
action  of  typhus  serum  on  a  number  of  biologically  distinct  species  of  micro- 
orjianisms? 
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Snrolv  it  is  inipossil)lo  for  (ill  tlioso  or^'anisma  to  bo,  constant  secondary 
iiivadiM's  ill  Typhus  Kcvit.  Is  it,  not  more  ratioiuil  to  think  that  the  virus  or 
s])ecili('  aii;^^liil  ino<^(Mi  of  typlius,  whilst  stinnilatin<^  homologous  receptors  or 
a})ecilic  a«jj<jjlutinins,  also  has  the  ])ro])erty  of  stimulating^  other  closely  related 
receptors  of  secondary  asi«^lutinins,  which  a<^^lutinate  micro-organisms  of 
dinVi(Mit  l)i()l()«^ical  strains?  Such  a,  hyy)othesis  would  afford  an  explanation 
not  only  of  the  presence  of  a<^<^lutiiiin  for  fi.  pro/evs  and  the  absence  of 
speciiic  immune  body  for  that  organism  in  the  sera  of  typhus  cases,  but  also 
of  the  wider  a(]^<^lutinatinf]j  properties  possessed  by  typhus  sera  in  general. 

Kurth(M'more  such  a  conclusion  need  not  detract  from  the  value  of  the 
Weil- Felix  reaction  as  a  laboratory  aid  to  the  diagnosis  of  Typhus  Fever. 

The  fact  that  the  Wassermann  reaction  is  not  a  specific  test  for  syphilis, 
in  the  strict  immunological  sense,  has  not  diminished  its  practical  application 
as  a  diagnostic  test  for  that  disease. 

In  similar  fashion  the  appearance  in  the  sera  of  typhus  patients  of  the 
agglutinin  for  an  organism,  which  has  no  apparent  relationship  to  the  disease, 
need  not  bias  the  student  against  the  great  diagnostic  value  of  this  reaction. 

CONCLUSIONS. 

(1)  The  Weil-Felix  agglutination  reaction  has  again  proved,  in  a  further 
series  of  cases,  to  be  a  very  reliable  laboratory  aid  to  the  diagnosis  of  Typhus 
Fever. 

(2)  Frequently  the  reaction  becomes  definitely  established  during  the 
first  week  of  the  disease.  The  maximum  agglutination  readings  are  obtained 
during  the  second  week  of  fever  and  during  the  first  week  of  convalescence 
(i.e.  8th  to  21st  days). 

(3)  Of  sixty-five  cases  of  definite  Typhus  Fever  sixty- three  or  94  % 
yielded  positive  agglutination  reactions. 

(4)  Of  120  non-typhus  sera  no  case  yielded  positive  agglutination  in  a 
dilution  of  1  in  20,  utilising  Garrow's  method  of  agglutination.  In  two  cases 
an  agglutination  in  a  dilution  of  1  in  10  was  obtained.  On  the  Garrow's 
agglutinometer  a  positive  agglutination  of  patient's  serum  in  a  titre  of  1  in 
40  may  be  regarded  as  diagnostic  of  Typhus  Fever.  A  positive  reaction  in  a 
dilution  of  1  in  20  of  patient's  serum  may  be  regarded  as  sufficient  evidence 
on  which  to  isolate  a  case  during  the  first  week  of  illness. 

(5)  The  appearance  of  the  agglutinin  in  the  sera  of  typhus  cases  for  the 
B.  froteus  utilised  in  the  f resent  investigation  is  not  accompanied  by  the 
formation  of  specific  immune  body.  On  the  other  hand  living  cultures  inocu- 
lated sub-cutaneously  into  monkeys  and  man  are  follow^ed,  not  only  by  the 
appearance  of  agglutinin,  but  also  by  the  production  of  immune  body  as 
revealed  by  the  complement-fixation  test,  utilising  B.  proteus  as  antigen. 

(G)  The  hypothesis  that  B.  j)roteus  is  a  constant  secondary  invader  ac- 
companying the  unknown  virus  of  Typhus  Fever  lacks  confirnuxtion  and  is 
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incoMipatible  with  certain  ascertained  facts.  The  Weil-Felix  reaction  is 
dependent  on  the  presence  in  typhus  sera  of  a  secondary  non-specific  agglu- 
tinin w  hich  has  the  property  of  a<;jrlutinating  this  />/-o/r//.s-hk'e  or«^anisrn. 
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INTRODUCTION. 

In  a  previous  communication (i),  after  reviewing  the  literature  of  the  subject, 
and  especially  the  claims  as  to  the  transmission  of  dengue  by  Culexfatigans, 
we  were  able  to  show  conclusively  that  in  Australia  the  Yellow  Fever  mosquito, 
Stegomyia  fasciata,  is  capable  of  transmitting  the  virus  of  dengue.  Whether 
or  not  other  mosquitoes  can  also  play  a  part  we  cannot  say,  although  epidemio- 
logically  we  think  this  unlikely.  We  also  showed  that  the  incubation  period 
was  certainly  over  five  days,  and  usually  between  five  and  a  half  and  nine 
and  a  half  days,  in  our  mosquito  cases.  We  showed  also  that  the  virus  could 
be  transmitted  by  the  subcutaneous  inoculation  of  blood. 

Journ.  of  Hyg.  xvm  ^^ 
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In  ii  further  coinniunication(2)  we  showed  inter  alia'. 

1.  That  the  virus  of  dciigiu'  may  be  pieaent  in  the  whole  blood,  th(^  scriini,  the  wushrd 
corpuscles  or  the  citrated  plasma. 

2.  That  the  virus  was  present  in  the  blood  on  tho  second  and  third  days  of  the  disease 
(24  to  48  hours  after  onset),  and  possibly  as  late  as  the  eighth  day  (about  1()8  hours  after 
onset).  Some  evidence  was  adduced  to  show  that  the  virus  was  not  present  in  the  blood 
on  the  fourteenth  day  of  the  tlisease. 

3.  That  our  filtration  experiments  were  not  conchisive.  There  was  one  apparently 
successful  case  out  of  five  experiments.  In  some  of  these,  for  other  reasons,  the  result 
might  have  been  expected  to  be  negative. 

4.  That  the  incubation  period  varied  from  six  to  nine  days. 

5.  That  immunity  to  inoculation  was  present  twenty-four  days  after  recovery  from 
dengue. 

6.  That  blood  containing  the  virus  may  retain  its  infectivity  in  a  cool  place  outside 
the  body  for  at  least  seven  tlays. 

7.  That  the  infection  of  dengue  could  be  conveyeil  to  at  least  four  "'generations"  of 
artificial  (injected)  cases. 

The  present  series  of  experiments  is  the  outcome  of  a  project  which  to 
a  great  extent  has  not  materiahsed.  We  had  intended  to  establish  a  chain  of 
artificial  dengue  cases  in  volunteers,  to  keep  the  virus  alive  in  the  series  by 
successive  injections,  and  with  this  virus  to  perform  as  it  were  a  series  of 
side-chain  experiments  on  other  volunteers  to  obtain  certain  special  aspects 
of  the  problem.  We  had  made  arrangements  to  breed  out  mosquitoes  and 
had  devised  experiments  to  confirm  our  previous  findings  and  to  determine 
several  important  points  as  to  the  nature  of  the  transportation  of  the  virus 
by  these  insects.  We  had  also  planned  to  conduct  experiments  as  to  the 
nature  of  the  virus  in  man,  and  especially  as  regards  its  filtrability,  its  resist- 
ance to  outside  influences,  its  persistence  in  the  blood  and  its  distribution  in 
the  elements  of  the  blood. 

Certain  facts  combined  caused  us  to  greatly  curtail  our  scheme  and 
eventually  the  virus-chain  ran  out  and  further  experiments  were  abandoned. 
This  was  chiefly  due  to  the  unexpected  difficulty  of  obtaining  volunteers, 
even  with  a  considerable  monetary  inducement.  The  mosquitoes  which  we 
were  able  to  breed  for  some  reason  did  not  bite  well  and  died  oft'  rapidly. 

This  should  be  borne  in  mind  in  considering  the  experiments  herein 
described.  At  first  sight,  in  several  instances,  we  seem  to  have  neglected 
opportunities  for  experiments,  whereas  in  reality  we  had  no  volunteer  available 
at  the  time. 

Again,  in  two  experiments,  the  finding  of  a  positive  complement  fixation 
reaction  for  syphiHs  in  the  volunteer  prevented  further  utilisation  of  the 
virus  in  his  blood. 

In  spite  of  these  difficulties  we  have  been  able  to  obtain  further  informa- 
tion on  certain  points  as  to  the  dengue  virus. 

The  present  experiments  show  in  brief: 

1.  That  it  is  possible  by  subcutaneous  injection  of  blood,  or  derivatives  of  blood,  from 
a  dengue  patient  to  transmit  the  disease  to  a  healthy  non-immune,  and  from  this  case  in 
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a  similar  way  to  derive  a.  scries  of  ex))eiiiiieiifal  (;aHeH.  I»  tlie  })resent  eommnnioation  tho 
original  virus  obtained  from  a  natural  case  has  lu'cii  passed  successively  tlucjugh  four 
"generations"  of  artificial  cases,  with  a  douhlful  positive  ease  in  the  lifth    'generation." 

2.  That  the  \  iiiis  iindcf  cerlain  conditicmf  may  be  passed  througli  a  Pasteur-C'hamljer- 
land  l'\  (iilc)-  which  at  the  same  lirne  is  keeping  back  ordinaj-y  organisms  (staf)hylococci, 
colon    bacilli). 

.3.  Tluit  the  virus  does  not  appeal-  to  be  specially  contained  in  any  one  ejenient  of  the 
blood.  Can^fully  washed  corpuscles,  eitrated  plasma,  and  serum  free  from  corpuscles  all 
contain  the  virus.  It  is  not  absolutely  certain,  however,  i?i  the  case  of  scrum  that  the  virus 
may  not  obtain  access  to  this  by  the  breaking  up  of  cor[)US(;les. 

4.  That  1  h(>  virus  is  resistant  to  conditions  outside  the  body  for  several  days  (99  hours). 

5.  That  in  tlu^  blood  of  the  dengue  patient  the  virus  was  present  in  one  case  18  hours 
after  the  onset,  in  one  case  07  hours  and  in  another  as  late  as  90  hours,  whilst  several  cases 
show  it  to  have  been  present  at  57  hours  and  less  after  the  onset.  It  was  not  found  in  a 
case  130  hours  after  the  onset. 

().  That  the  incubation  period,  while  variable  and  not  shorter  than  41  days,  is  usually 
from  6  to  8  days,  but  may  be  as  long  as  15  days. 

7.  That  immunity  may  be  present  to  injection  229  days  after  the  onset  of  a  previous 
attack  of  dengue. 

S.  That,  in  one  experiment  made,  no  evidence  could  be  found  that  CuJcx  fatigans  can 
transmit  the  virus  of  dengue. 

9.  That,  in  one  experiment  made,  no  evidence  was  found  that  the  blood  of  a  guinea-pig 
contained  the  virus  seven  days  after  its  inoculation. 

10.  That  no  result  followed  inoculation  of  guinea-pigs  or  rabbits,  and  no  pathological 
lesions  were  found  in  inoculated  guinea-pigs  and  no  spirochaetes  w^re  found  in  their  organs 
by  Levaditi's  method. 

PART  I.     INJECTION  EXPERIMENTS. 

Reviewing  the  cases  of  the  present  series,  certain  peculiarities  are  shown 
which  may  be  briefly  summarised. 

The  type  of  the  disease,  as  in  fact  is  the  case  in  the  natural  illness,  varied 
very  greatly.  Certain  of  our  cases  were  typical  of  dengue,  whilst  others  were 
only  recognisable  as  such  by  the  temperature  and  pulse  variation  and  the 
nature  of  the  surrounding  circumstances.  A  striking  phenomenon  is  the 
mildness  of  the  symptoms  in  the  aged  volunteers  from  the  Asylum,  in  contrast 
to  the  general  severity  of  the  cases  in  the  younger  and  more  active  volunteers 
from  our  staff  and  from  that  of  the  Royal  North  Shore  Hospital.  As  will  be 
mentioned  later,  mild  symptoms  were  often  associated  with  a  very  definite 
pyrexia. 

Cases  2,  4,  15  and  17  were  all  classifiable,  as  regards  symptoms,  as  of 
"typical  rather  severe"  type.  That  is  to  say,  they  all  had  marked  general 
body  and  eye  pains  and  headache  with  considerable  prostration,  nausea  and 
malaise,  and  all  looked  ill.  The  rashes  in  these  cases  were  a  prominent  feature, 
and  complete  recovery  was  slow,  probably  in  all.  Now  it  is  extremely  inter- 
esting to  note  that  whereas  Cases  2  and  4  are  at  the  beginning  of  our  series, 
Cases  15  and  17  are  both  fourth  generation  cases  and  are  separated  from  tlie 
two  severe  early  cases  by  comparatively  mild  cases,  Case  15  being  derived 
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from  Case  10,  and  Case  17  from  Case  11 — both  Case  10  and  11  being  descen- 
dants of  Case  4.  In  Case  10,  for  instance,  the  volunteer  only  complained  of 
symptoms  for  one  day  and  the  rash  was  extremely  faint,  whereas  the 
descendant  Case  15  was  feeling  very  sick  for  three  days,  and  had  a  most  dis- 
tinct rash  and  typical  symptoms. 

Case  17  was  of  considerable  severity  with  a  distinctly  typical  rash,  whereas 
Case  11,  although  showing  definite  though  slight  symptoms  and  a  definite 
slight  rash,  was  altogether  much  milder  than  Case  17. 

The  febrile  reaction  in  most  cases  was  distinct  and  constituted  in  some 
the  chief  evidence  as  to  the  presence  of  the  infection.  Some  of  the  cases  were 
not  charted  in  detail  but  in  most  cases  we  have  a  detailed  record  of  the 
temperature  and  pulse  from  the  date  when  the  virus  was  administered  to 
some  time  after  the  end  of  the  febrile  phase.  The  course  adopted  in  this 
series  was  to  take  the  temperature  twice  daily,  usually  for  a  week,  and  if 
no  symptoms  or  pyrexia  declared  itself  in  this  period  to  take  the  chart  four- 
hourly  for  the  remaining  period.  The  total  period  of  observation  was  usually 
between  three  and  four  weeks. 

A  review  of  Table  I  and  of  the  charts  will  indicate,  better  than  a  description, 
the  type,  duration,  and  severity  of  the  febrile  reaction.  It  will  be  seen  that 
the  febrile  period  ranges  from  somewhat  over  three  days  to  seven  days.  In 
most  cases  it  is  easy  enough  to  determine  the  point  of  onset  of  the  pyrexia, 
as  also  its  termination,  but  occasionally  there  may  be  a  slight  elevation  of 
temperature  to  about  99°  F.  for  a  day  or  more  before  or  after  the  termination 
of  the  definite  fever. 

The  degree  of  fever :  A  review  of  the  maximal  points  in  nine  of  the  positive 
charted  cases  shows  the  lowest  temperature  to  be  100-8°  F.  and  the  highest 
104-6°  F.  102°  F.  would  be  about  the  average  maximum  temperature  and 
in  four  cases  it  Hes  between  102-103°  F.  The  fever  seems  hardly  at  all 
correlated  with  the  symptoms — in  some  of  our  cases,  especially  in  Case  14, 
the  want  of  correlation  is  especially  distinct.  This  particular  case  had  virtually 
no  symptoms  with  a  temperature  of  nearly  105°  F.,  which  remained  high  for 
nearly  two  days,  then  fell  and  rose  again  to  nearly  the  same  level  with  another 
short  interruption,  and  then  fell  abruptly. 

Type  of  fever :  Although  several  of  the  charts  are  definitely  saddle-back 
in  type,  and  others  show  a  more  irregular  diphasic  variation,  others  again 
show  an  irregular  temperature  cuive.  We  do  not  think  the  type  of  tempera- 
ture is  at  all  diagnostic  of  Australian  dengue,  either  in  natural  or  artificial 
cases.  Although  certain  cases  may  show  typical  saddle-back  charts,  and 
as  may  be  seen  in  our  previous  papers  there  may  be  two  separate  pyrexial 
phases,  yet  other  typical  cases  may  show  a  simple  monophasic  variation  or 
irregular  or  plateau  types  of  chart. 

The  pulse  and  its  relationship  to  the  pyrexia:  As  shown  in  our  previous 
papers  and  noted  by  other  observers  in  natural  cases,  the  pulse  of  dengue 
has  a  distinct  twidency  to  be  slow  relatively  to  the  degree  of  fever.   This  may 
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be  accompanied  by  absolute  bradycardia  (pulses  between  50  and  55  are 
fairly  frequent,  especially  after  the  pyrexia).  Although  several  of  our  charts 
in  this  series  show  periods  when  the  pulse  is  between  50  and  55,  definite 
absolute  bradycardia  is  not  a  very  prominent  feature.   On  the  other  hand  the 
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relative  bradycardia  is  present  in  every  case  of  which  we  have  complete 
charts,  and  in  some  of  these  is  very  distinct. 

Rashes:  No  attempt  was  made  in  this  series  to  separate  primary  and 
late  rashes  and  detailed  descriptions  of  the  rashes  are  not  given.  Where  it 
occurred  it  corresponded  to  our  previous  description  and  was  typical  of  dengue 
and  not  readily  to  be  confused  with  that  of  any  other  complaint.  In  the 
Asylum  cases  the  rashes  were  slight,  but  in  the  cases  among  the  younger  more 
active  volunteers  from  this  staff  and  elsewhere  the  rashes  were  very  prominent 
and  characteristic. 

Out  of  eleven  cases  which  were  regarded  as  positive,  five  showed  distinct 
and  typical  rashes;  one  showed  a  definite,  but  less  distinct,  rash,  whilst  two 
cases  showed  only  a  slight  rash  which  was  not  prominent  enough  to  be  noticed 
unless  specially  sought  for.  The  other  cases,  although  they  showed  an  erythe- 
matous flushed  skin,  could  not  be  said  to  have  a  rash  at  any  period  of  their 
illnesses. 

Symptoms:  These  need  not  be  detailed  here.  Reference  to  the  Appendix 
will  show  that  they  were  prominent  and  typical  in  the  outside  cases  but  mild, 
sometimes  practically  absent,  in  the  institution  cases.  The  experience  referred 
to  above,  in  which  mild  cases  intervened  in  the  series  between  severe  cases, 
teaches  us  to  attach  less  importance  to  symptoms  in  our  class  of  institution 
volunteers  and  to  rely  more  on  the  temperature-pulse  variation  for  determining 
the  positivity  of  the  cases. 

Information  bearing  on  the  Nature  of  the  Virus,  etc.,  to  be  obtained 
FROM  THE  Consideration  of  the  Cases  in  this  Series. 

Table  II  indicates  the  relationship  of  the  human  inoculation  experiments 
in  this  series;  it  records  briefly  the  nature  of  the  injection,  date  of  injection, 
date  of  onset,  and  the  incubation  period. 

Certain  special  aspects  of  the  experiments  are  discussed  here  (see  Appendix, 
where  full  experimental  and  clinical  data  are  recorded). 

Transynissihility  of  dengue :  As  we  and  others  have  shown  that  dengue 
fever  can  be  successfully  transmitted  by  the  blood  of  a  person  with  the  fever 
to  a  non-immune  and  on  through  several  generations,  this  matter  need  not 
be  elaborated  here.  In  the  present  series  the  virus  has  been  transported  through 
four  "generations"  of  artificial  cases.  The  type  and  severity  of  these  cases 
have  been  discussed  above. 

Time  during  ivhich  the  blood  contains  the  virus :  Table  II  shows  the  duration 
of  the  illness  in  the  previous  case  at  the  time  the  material  was  taken,  the 
period  spent  by  the  virus  outside  the  body,  and  the  nature  of  the  material 
used  for  injection,  correlated  with  the  results  of  the  experiments.  This  table 
shows  that  the  virus  was  present  in  the  blood  of  the  dengue  patient  as  late 
as  90  hours  after  the  onset  in  one  case;  67  hours  in  one  case;  57  hours  in  three 
cases;  47  hours  in  two  cases;  46  hours  in  one  case;  22  hours  in  two  cases; 
and  18  hours  in  one  case. 
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TluMi'ioie  tlicsc  cases  dcmonst  lalc  that  tlic  virus  is  ])resont  in  the  Ijlood 
as  early  as  18  hours  after  the  onset  of  symptoms  and  may  be  present  as 
late  as  90  hours  after.  As  we  have  oiil\  one  case  showing  this  we  cannot  be 
certain  that  this  long  period  may  not  h(;  exceptional.  However,  between  00 
jind  70  houis  aftei-  (lie  onset  the  virus  is  })robably  usually  present  in  the  })lood. 

.As  regards  injections  followed  by  negative  results,  only  two  of  these  can 
be  fairly  used  as  indicating  an  absence  of  infectivity  of  the  blood.  The 
remaining  cases  might  for  other  rcnisons  have  given  a  negative  result.  Case  21 , 
which  was  negative,  injected  with  the  blood  of  an  atypical  case  taken  only 
a  few  hours  after  the  onset,  will  be  specially  discussed.  Cases  12  and  16 
were  injected  with  untreated  bloo<l.  The  virus  used  for  the  injection  of  Case  12 
was  outside  the  body  less  than  24  hours  and  that  of  Case  16  only  a  few  hours. 
In  Case  12  the  blood  was  taken  from  Case  4  on  the  sixth  day  of  the  illness 
(approximately  130  hours  after  the  onset).  In  Case  16  the  blood  was  derived 
from  Case  10  on  the  ninth  day  of  the  disease  (approximately  190  hours  after 
the  onset).  Both  Case  4  and  Case  10  were  shown  to  have  had  the  virus  in  the 
blood  at  an  earlier  stage.  From  these  two  cases  it  may  be  deduced  that  the 
virus  was  not  present  in  the  blood  at  130  hours  and  190  hours  after  the  onset. 

Summary  :  The  present  figures  show  that  the  virus  may  he  ^present  in  the 
blood  as  early  as  18  hours  and  as  late  as  90  hours  after  the  onset.  It  ivas  not  found 
in  the  blood  130  hours  and  190  hours  after  the  onset. 

Resistance  of  dengue  virus  outside  the  body.  The  virus  seems  to  resist  well 
for  a  short  period  the  conditions  of  a  sojourn  outside  the  body.  As  far  as 
possible  when  preserving  blood  for  injection  we  have  made  use  of  an  ice- 
chest  but  in  several  cases  the  material  was  transferred  between  the  laboratories 
and  the  hospital  with  no  special  precautions,  and  filtration  was  performed 
at  room  temperature  without  destroying  the  virus. 

In  one  instance  the  untreated  blood  was  preserved,  chiefly  in  the  ice 
chest,  for  99  hours  before  injection  and  gave  rise  to  a  typical  case  (Case  8). 
There  w^ere  several  instances  where  the  virus  was  outside  the  body  about 
48  hours,  and  in  one  case  after  72  hours  the  virus  was  possibly  still  active 
(doubtful  Case  20). 

Summary :  The  virus  outside  the  body  has  been  found  alive,  if  kept  reasonably 
cool,  in  several  instances  up  to  48  hours,  and  in  one  instance  after  99  hours. 

It  is  not  possible  from  this  series  to  draw  deductions  from  the  negative  cases 
on  this  question. 

Filterability  of  the  virus.  In  our  last  communication  we  reported  one 
apparently  positive  case  and  several  negative  cases  after  filtration.  The 
single  positive  case  was  not  fully  controlled.  In  the  present  series  we  obtained 
four  negative  and  three  positive  results  (see  Table  II). 

As  regards  the  negative  results,  Case  19  can  be  excluded  as  the  blood  was 
taken,  from  Case  11,  115  hours  after  the  onset,  and  our  experiments  suggest 
that  after  this  period  the  virus  may  have  disappeared  from  the  blood. 
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In  Case  5  there  was  some  doubt  as  to  whether  the  result  was  really  negative 
but  there  was  not  a  characteristic  enough  reaction  to  say  that  the  case  was 
positive.  The  blood  at  the  time  it  was  taken  for  filtration  was  shown  to 
contain  the  virus  (see  Case  4).  The  virus  was  only  outside  the  body  29 
hours. 

In  Case  7  there  was  no  control  to  show  that  the  virus  was  present  at  the 
time  in  the  untreated  blood  from  Case  4,  but  three  cases  injected  with  other 
material  taken  two  days  later  from  the  same  case  (whose  blood  was  used  for 
the  filtrate)  were  positive.  It  is  probable  that  at  the  earlier  period  (8  hours 
after  onset)  the  blood  of  Case  4  did  contain  the  virus.  The  failure  in  Case  7 
cannot  therefore  be  reasonably  explained  by  supposing  an  absence  of  the 
virus  at  that  time  in  Case  4.  The  blood  was  only  outside  the  body  30  hours, 
and  this  therefore  again  cannot  be  held  to  account  for  the  failure.  The  subject 
will  be  further  considered  later. 

In  Case  9,  three  cases  serve  as  controls  to  show  that  the  virus  was  present 
in  the  blood  when  it  was  withdrawn  from  Case  4,  and  in  two  of  these  the  virus 
was  outside  the  body  as  long  as  it  was  in  the  materia)  used  for  Case  9  (28  hours) 
while  in  the  third  case  the  virus  was  outside  the  body  for  a  much  longer  period 
(99  hours)  and  was  still  successfully  conveyed. 

In  the  three  positive  filtration  cases — 13,  15  and  17—  material  w^as  taken 
22,  67  and  47  hours  respectively  after  the  onset  of  the  "mother"  cases  and 
was  outside  the  body  49,  22,  and  about  48  hours  respectively. 

Before  considering  the  causes  determining  the  failure  or  success  of  indi- 
vidual cases  we  may  dwell  on  the  technique  of  filtration. 


Technique  of  filtration. 

The  filter  used  was  a  small  candle  about  six  inches  long  with  a  wall  one-eighth  to  one- 
sixteenth  of  an  inch  thick  at  the  top,  the  inside  diameter  at  the  top  being  ca.  one-third 
of  an  inch.  The  filter  tapered  slightly  from  top  to  bottom.  It  was  marked  "Chamberland 
Sme.  Pasteur  B.E.S.G.D.C.H.B.  &  Cie,  Choisy-le-Roi  BE8  S.G.D.B.,"  and  stamped 
"Controle,"  and  on  the  bottom  "F."  It  is  what  is  known  as  the  Pasteur-Cham berland 
F.  Filter,  which  is  said  to  be  a  coarsi  i-  grade  than  the  B.  type. 

For  filtration,  previously  unused  candles  were  fixed  in  bored  rubber  corks  into  the 
neck  of  flasks  which  had  side  tubes.  The  whole  apparatus  was  sterilised  by  steam  and 
cooled,  and  then  attached  by  the  side  tube,  which  was  plugged  with  cotton  wool,  to  the 
ru}>b(H'  pipe  leading  to  a  water  pump.  The  cork  was  covered  with  melted  paraffin  to  be  sure 
no  leak  occurred.  The  material  to  be  filtered  w  as  v\n\  into  the  candle  and  the  pump  turned 
on.  When  sufficient  material  had  been  obtained  the  plug  was  removed  from  the  side  tube, 
the  end  of  this  flamed  and  cooled,  or  wiped  with  alcohol,  and  the  flask  tilted  and  the  filtered 
material  run  out  into  a  sterile  tube.  Generally  speaking  the  pressure  at  the  Health  Depart- 
n\o\\t  Laboratory  is  not  good  and  the  later  filtrations  were  done  at  the  Royal  North  Shore 
Hospital  Laboratory. 

To  show  that  the  filters  used  did  not  admit  the  passage  of  ordinary  bacteria,  the  practice 
was  adopted  of  mixing  organisms  with  the  material  to  be  filtered  and  testing  for  their  presence 
by  culture  in  the  filtrate. 
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The  (.rgJiiiisuis  added  and  the  iiatmc  of  the  (tultiiral  teHts  wore  as  follow: 
('ti.sc  .">,  injected  with  filteicd  hlood  liorii  Case  2  with  a  douhtful  result. 
Onjdfiisni  (nhfrd.     Kinulsion  of  /{.  roll  rnnnminis  Ty. f.P. M. 

I'liltints       I.     liiot  h  cull  lire,   I  (•.<•.  of  Ijh  raf  e  to  20  c.c.  hiol  h     .\;_'ar  <u  Ixiilt  m<s  made 
from  this. 
'1.     Broth  eidturey,  one  loop  and  Iwo  looj)^. 
.'{.    Auar  eidturos,  orH'  lortp  and  two  loops. 

Cttsv  7,  ilijeeted  with  lild  red  hlood  from  ( 'ase   \  with  a  liegatixc  resiilt. 
Onjdiiisni  used.     Colon  bacillus  {/i.  aridi  hirliri  iy]H'). 

Ciillnrrs.      |.     Broth  cultures,  one  and  two  loops  and  suheultures  fiom  theno. 
'2.    Agar  eultuics,  one  and  tuo  loops. 

('(ISC  {),  injected  with  filtered  blood  from  ('as(!  4,  with  a  negative  icsult. 
Orijanisin  used.     II.  roli  ronimurn'.s  Jj.l.V.M. 
Ciilfiirfs.      Ri-oth  and  agar. 

Ca-^e  !.*{,  injected  with  filtered  plasma  from  (^ase  10,  with  a  positivo  result. 
Onfani.sm  used.     B.  coli  (typt'  not  noted). 
CnUures.     1.    Two  loops  into  lOc.e.  broth. 

2.    One  loop  on  agar.  / 

Case  15,  injected  with  filtered  serum  from  Case  10,  with  a  positive  result. 
Organism  used.    Staphylococcus  aureus. 
Cultures.     1.    Two  loops  into  lOc.c.  broth. 
2.    One  loop  on  agar. 

Case  17,  injected  with  filtered  blood  from  Case  11,  with  a  positive  result. 
Organism  used.    Colon  hacilli  (type  not  noted). 
Cultures     Two  loops  into  10  c.c.  broth. 

Case  19,  injected  with  filtered  seium  from  Case  11,  with  a  negative  result. 
Organism  used.    Staphylococcus  aureus. 
Cultures.     1.    Two  loops  into  broth. 
2.    One  loop  on  agar. 

All  the  cultures  in  this  series  remained  sterile.  The  number  of  organisms 
added  to  the  material  before  filtration  was  large  but  not  specially  measured. 
AVhen  an  emulsion  was  used  it  was  made  densely  milky.  In  other  cases  a 
large  loopful  of  thick  scrapings  from  the  cultures  was  used.  For  full  details 
of  this  work  see  under  "Experimental  Material,"  following  the  record  of  the 
case  from  which  the  material  was  derived. 

Although  in  future  experiments  we  would  be  inclined  to  use  larger  amounts 
of  the  filtrate  than  two  loops  for  making  the  cultures,  yet  we  think  in  view 
of  the  number  of  organisms  added  that  the  above  tests  show  fairly  clearlv 
that  our  filters  were  restraining  the  passage  of  ordinary  bacteria  under  the 
conditions  of  the  experiments.  We  think  the  method  of  adding  the  organism 
to  the  material  to  be  filtered  is  a  much  better  control  than  testing  the  filter 
before  or  afterwards,  as,  with  a  variable  water  pressure,  it  may  not  be  possible 
to  parallel  the  conditions  of  the  actual  filtration.  Moreover  the  filter  itself 
may  be  altered  in  some  way  by  washing  and  sterilising  if  controlled  before 
the  main  filtration,  and  may  be  blocked  by  debris  from  the  filtration  if  the 
bacterial  test  is  left  until  afterwards.   No  serious  effects  followed  the  injection 
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of  any  of  the  filtrates,  thouj^h  a  sli«jjht  rise  of  temperature  and  some  redness 
of  the  arm  (possibly  due  to  toxins  from  the  bacteria)  were  noted  next  day  in 
some  cases. 

Final  Consideration  of  the  Results  of  the  Filtration  Experiments. 

Our  results  indicate  that  the  dengue  virus  under  certain  conditions  passes 
through  the  Pasteur-Chamberland  F.  Filter,  which  at  the  same  time  is  pre- 
venting the  passage  of  ordinary  bacteria.  The  question  now  arises  as  to  what 
is  the  cause  of  the  failure  in  certain  experiments. 

Confining  ourselves  to  the  present  series  of  tests,  Case  19  may  be  rejected 
as  a  test  as  to  the  filtrability  of  the  virus  for  reasons  given  above.  In  the 
negative  cases,  5,  7  and  9,  however,  the  virus  was  almost  certainly  present 
in  the  blood  on  withdrawal  and  in  Cases  5  and  9  was  actually  shown  to  be 
present  in  the  unfiltered  blood  from  which  the  filtrate  was  made. 

The  sojourn  outside  the  body  less  than  30  hours  in  any  of  the  cases,  is 
less  than  in  two  of  our  positive  filtration  cases  and  in  several  of  our  non- 
filtration  positive  cases,  so  that  it  is  at  first  sight  hard  to  find  any  ground  for 
the  failure  of  these  cases.   It  is  most  unfikely  that  they  were  all  immunes. 

The  three  unsuccessful  cases  were  obtained  with  filtered  blood  which 
before  filtration  contained  a  certain  amount  of  solid  material  and  the  filtration 
was  done  in  the  Department's  laboratory,  and  although  we  have  no  precise 
notes  on  the  matter,  the  filtration  was  certainly  slower  than  in  the  later  cases, 
including  three  successful  filtrations.  Of  the  later  cases,  although  in  Case  13 
filtration  was  also  performed  at  the  Department's  laboratory,  the  filtration 
took  place  rapidly,  the  fluid  being  free  from  cellular  material.  In  Cases  15, 
17  and  19  filtration  took  place  under  better  pressure  conditions  at  the  North 
Shore  Hospital  and  filtration  was  more  rapid. 

We  therefore  conclude  that  the  failure  of  certain  of  our  cases  was  due  to 
slow  filtration  and  the  plugging  of  the  filter  pores  by  solid  material  through 
w^hich  the  fluid  had  to  pass,  and  the  successful  cases  were  due  to  the  more 
rapid  filtration  brought  about  by  a  higher  water  pressure  and  an  absence  of 
solid  material. 

Distribution  of  the  virus  in  the  blood. 

Graham  (3),  whose  results  have  not  received  confirmation,  described  endo- 
corpuscular  bodies  in  dengue  fever.  These  we  regard  as  artefacts.  The  fact 
that  the  virus  has  been  shown  to  be  filtrable,  although  it  shows  that  at  some 
stage  the  virus  is  very  small,  does  not  of  course  exclude  the  possibility  of 
an  endo-corpuscular  phase  of  a  microscopically  visible  size.  Although  we  have 
examined  blood  from  dengue  cases  carefully  a  number  of  times  with  unstained 
preparations,  and  with  the  ultramicroscope,  we  have  not  found  any  evidence 
of  a  visible  virus.  Apart  from  the  question,  however,  of  a  visible  virus  it 
would  be  useful  if  possible  to  show  whether  the  causative  agent  was  confined 
to  any  one  element  of  the  blood.    It  is  well  to  remember,  however,  that  the 
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distribution  may  not  })o  tho  sanio  at  all  stafjjos.  Tho  or^^anism  may  at  ono 
sta|!,(\  for  instance,  be  ('n(l()-c()rj)us('nlar  or  cndo-knicocytic.,  and  at  another 
sta«>;o  lice  in  tho  sciuin.  On  the  olhci  IkiikI  the,  virus  may  be  a  special  inhabi- 
tant of  one*  or  other  element  of  the  Mood. 

Our  |)r(»vious  results  led  us  to  thiiik  that,  whatever  be  the  nature  of  the 
virus,  it  was  a})|)arently  not  strictly  ciido-corpuscular,  thou<<h  we  could  not 
exclude  the  ])()ssibility  of  an  endo corpuscular  or  endo-leucocytic  phase 
followed  or  accompanied  by  a  ])hase  in  which  \l  was  free  in  the  plasma. 
Our  present  series  of  experiments,  thou^di  not  yet  completely  demonstrative, 
teiul  to  sup])ort  our  previous  view. 

It  should  be  remembered,  however,  that  processes  designed  to  effect  a 
separation  of  the  blood  elements  may  at  the  same  time  cause  some  breaking 
up  of  the  corpuscles  and  a  conseciuent  liberation  of  a  virus.  A  consideration 
of  the  whole  circumstances,  however,  leads  us  to  think  that  this  theoretical 
breaking-  up  cannot  explain  the  results  and  that,  whether  or  not  the  virus 
is  solely  endo-corpuscular  or  endo-leucocytic  at  some  stage,  it  was  present 
in  the  plasma  in  the  cases  examined. 

Cases  10,  11,  13,  15  and  18  of  the  present  series  may  be  considered  in 
this  connection.  For  full  details  of  the  preparation  of  the  materials  injected 
we  refer  to  the  antecedent  cases. 

Cases  10  and  11  may  be  first  considered  together.  Case  10  was  injected 
with  1-3  c.c.  of  four- times  washed  corpuscles  (see  Case  4),  and  Case  11  with 
the  corpuscle-free  w^ashings  from  the  same  case  from  blood  taken  at  the  same 
time.   Both  Cases  10  and  11  were  definitely  positive. 

The  2  c.c.  of  washings  in  Case  4  would  roughly  correspond  to  the  plasma 
obtained  from  0-3  c.c.  of  the  original  blood.  This  dose  is  small.  The  amount 
of  corpuscles  injected  into  Case  10  on  the  other  hand  was  rather  large.  These 
two  cases  seem  to  us  rather  to  support  the  coiitention  that  the  virus  is  free 
ifl  the  plasma.  The  large  dose  of  corpuscles  used,  and  the  probably  great 
difficulty  of  freeing  such  material  from  adherent  virus,  may  be  the  explanation 
of  the  success  with  the  corpuscles.  We  unfortunately  had  no  further  oppor- 
tunity of  checking  these  results  by  injecting  more  nearly  equivalent  doses 
of  the  two  materials. 

The  other  experiments  all  concern  the  presence  of  virus  in  the  fluid 
element  (serum  or  plasma),  and  tend  to  support  the  view  that  the  virus  is 
naturally  free  in  the  fluid  element. 

Case  18  was  injected  with  "washings"  from  Case  11,  with  a  positive  result. 
The  dose  of  washings  (which  showed  some  haemolysis)  was  2-6  c.c,  which 
would  be  equivalent  to  the  plasma  from  0-5  c.c.  of  the  original  blood. 

Cases  13  and  15,  although  not  specially  designed  for  the  purpose,  support 
the  finding  of  virus  in  the  fluid  part  of  the  blood.  In  Case  13  we  obtained  a 
positive  result  after  injection  of  2-3  c.c.  of  filtered  citrated  plasma  from 
Case  10.  The  dose  corresponds  approximately  to  the  plasma  from  0-23  c.c. 
of  the  original  blood.   Haemolysis  was  not  noted.   In  Case  15,  2  c.c.  of  filtrate 
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from  the  serum  of  Case  10  produced  a  positive  result.    This  serum  filtrate 
was  distinctly  haemolysed  and  the  dose  (2  c.c,  undiluted)  was  large. 

The  Incubation  Period. 

Our  previous  results  showed  that  the  incubation  period  of  dengue  varied 
between  5  and  9J  days.  We  found  no  incubation  periods  as  short  as  those 
described  by  Ashburn  and  Craig  (4),  and  by  Graham  (3).  The  present  series 
confirms  the  view  that  the  jncubation  period  is  usually  about  a  week,  but  we 
have  a  greater  variation  in  the  periods  than  we  encountered  previously. 
However,  our  shortest  period  is  still  considerably  longer  than  the  incubation 
period  found  by  these  other  observers  in  Syria  and  the  Philippines. 

The  incubation  periods  observed  in  the  successful  cases  were  as  follows: 
8,  6|,  15,  10,  9,  7,  8,  5,  7,  4J  days  (in  Case  17  the  exact  period  could  not  be 
determined). 

The  shortest  incubation  period  was  actually  about  4  days  19  hours 
(Case  18),  and  the  longest  almost  exactly  15  days. 

There  does  not  seem  to  be  any  relation  between  the  time  the  virus  w^as 
outside  the  body  and  the  incubation  period,  nor  between  the  duration  of 
illness  of  the  previous  case  and  the  incubation  period. 

The  cause  of  the  variation  is  not  known. 

Immunity. 

There  is  only  one  experiment  bearing  on  immunity,  namely.  Case  3.  In  this 
instance  the  subject  of  the  experiment  was  injected  at  the  same  time,  with 
an  approximately  equal  amount  of  the  same  material,  as  was  used  to  inoculate 
Case  2  (a  non-immune).  Whereas  Case  2  developed  typical  symptoms,  Case  3 
had  at  no  time  subsequent  any  signs  of  the  disease. 

Case  3  was  the  subject  of  jiiosquito  experiments  referred  to  in  our  earlier 
communication  (1)  and  had  passed  through  a  typical  attack  of  rather  sevei^ 
dengue  starting  on  31.  v.  16.  On  15.  i.  17,  at  4.15  p.m.,  Case  3  was  inocu- 
lated subcutaneously  with  about  0-5  c.c.  of  diluted  blood  from  Case  1,  and 
thereafter  showed  no  signs  of  the  disease.  Thus  7  months  and  15  days  (229 
days)  after  the  onset  of  an  attack  of  dengue  immunity  was  present  to  a  dose 
of  virus,  which  brought  about  a  typical  and  rather  severe  result  in  the  con- 
trol case. 

PART  II.     MOSQUITO  EXPERIMENTS. 

Although  a  number  of  experiments  were  attempted  with  various  species 
of  mosquitoes,  Stegornyia  fasciata,  Culex  fatigans,  Culicelsa  vigilax,  Culicelsa 
annulirostris  and  Scutomyia  notascripta,  most  of  these  were  failures  because 
the  mosquitoes  died  out  or  would  not  bite,  or  because  volunteers  were  not 
available.  Special  experiments  with  S.  fasciata,  hatched  from  larvae  brought 
from  Mullumbimby,  similarly  failed.  The  following  experiments,  however, 
are  quoted  in  detail. 
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Willi  ('Hh'x  fdllf/iUfs.  'J2  99  and  1  r^  of  tJii.s  H])o.(;ie«  were  collcctcul  in  Sydney 
and  oncloscMl  in  a  cniic  with  a  nnislin  nlneve.  They  were  allowed  to  feed  on 
VaHOH  10  and  II  on  ir»  and  K).  ii.  1917,  and  })it  both  patients  well.  Case  10 
was  Ihns  bitten  tliice  or  loui-  days  after  the  ons(»t,  and  Case  II  five  and  six- 
days  aft(M-  the  onset.  Case  10  was  shown  to  have  viins  in  the  blood  a  few 
hours  before  the  bitin<j:  on  15.  fi.  (see  Case  15).  Case  11  was  bitten  rather 
late  and  probably  the  blood  at  this  time  did  not  contain  any  virus.  Many 
of  the  mos(]nitoes  were  alive  on  18.  ii.,  but  could  not  be  counted  owin^  to 
the  nature  of  the  box.  On  18.  ir.  and  each  ni^ht  until  26.  ii.  (inclusive)  the 
mosquitoes  remaininjjj  alive  bit  Volunteer  Mrs  W.  G.  A.  No  result  followed. 
Althou<^h  it  is  not  possible  to  say  exactly  how  many  mosquitoes  bit  either  the 
donor  or  recipient,  it  is  certain  that  both  were  bitten  by  the  mosquitoes  in 
the  cage. 

The  experiment  tends  to  support  previous  experiments  which  failed  to 
demonstrate  that  Culex  fatigans  is  capable  of  transmitting  dengue. 

With  Culicelsa  vigilax.  About  40  of  this  species  were  caught  at  Berowra 
on  15.  ir.  1917,  and  on  the  same  day  bit  Case  10  (three  days  after  the  onset). 
Again  on  16.  ii.  (four  days  after  the  onset)  at  midday  he  was  bitten.  The 
mosquitoes  also  bit  Case  11  on  the  same  day  (five  days  after  the  onset)  and 
on  16.  II.  (six  days  after  the  onset). 

There  were  only  about  a  dozen  mosquitoes  left  alive  when  on  17.  ii.  they 
were  fed  on  a  volunteer,  H.  McD. — one  of  the  insects  bit.  After  this  but 
few  were  alive  and  none  bit  although  tested  daily  until  21.  ii.  for  periods 
of  30-45  minutes. 

No  results  followed.    The  experiment  is  inconclusive. 

Summary.  Several  mosquito  experiments  in  this  series  have  not  therefore 
added  to  our  previous  knowledge,  but  the  one  satisfactory  experiment  with 
Culex  fatigans  tends  to  support  the  view  we  hold  that  this  species  is  probably 
not  a  vector  of  the  disease.  The  results  previously  published  by  us  support 
the  opinion  of  Bancroft  (5)  and  show  clearly  that,  whether  or  not  C.  fatigans 
may  also  play  a  part  in  Australia,  Stegomyia  fasciata  is  capable  of  spreading 
the  infection  of  dengue. 

PART  III.     ANIMAL  EXPERIMENTS. 

An  Attempt  to  Transmit  the  Virus  through  a  Guinea-pig  to  a  Human  Being 

with  a  Negative  Result. 

On  13.  II.  (at  3  p.m.)  blood  was  taken  from  Case  10  (22  hours  after  the 
onset).  This  blood  was  shown,  by  the  successful  injections  of  Cases  13  and 
14,  to  contain  the  virus. 

On  13.  II.  (afternoon)  a  guinea-pig,  No.  3647,  was  injected  subcutaneously 
with  0-25  c.c.  of  blood  (serum  and  corpuscles).  The  animal  remained  well 
and  on  21.  ii.  (morning)  it  was  bled  to  death,  and  at  noon  on  the  same  day 
2  c.c.  of  the  blood  (serum  and  corpuscles)  were  injected  into  Case  22,,  P.  W.  P., 
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m.,  71  years.  His  temperature  and  pulse  were  taken  daily  for  four  days, 
and  four- hourly  for  II  days. 

On  25.  II.  at  10  a.m.  (four  days  after  the  injection)  the  tem|)erature  reached 
99°  F.,  and  was  on  the  same  level  during  part  of  the  day  of  26.  ii.,  but  this 
was  unaccompanied  by  any  other  signs  or  symptoms,  and  the  temperature 
after  this  remained  normal. 

There  is  no  evidence,  therefore,  of  the  survival  of  the  den<^ue  virus  after 
1\  days  in  a  guinea-pig  or  of  its  multiplication  in  this  animal. 

Other  Animal  Experiments. 

These  need  not  be  separately  detailed  as  they  were  uniformly  negative. 

Guinea-pigs  and  rabbits  were  injected  intraperitoneally  and  subcutaneously 
without  result,  and  sections  from  the  organs  of  some  of  these  were  examined 
both  by  iron-haematoxylin  and  eosin  stained  sections  and  by  Levaditi's 
method,  and  showed  no  abnormality.  Our  object  in  using  Levaditi's  method 
was  in  the  hope  of  demonstrating  possible  spirochaete-like  organisms  and 
was  undertaken  in  view  of  the  results  obtained  with  epidemic  jaundice  in 
France. 

APPENDIX 

DETAILED    REPORT    OF    THE    CASES    DEALT    WITH    IN    THE    SERIES    OF 

INJECTION  EXPERIMENTS. 

Case  1,  Dr  F.  G.  {naturally  infected).  This  case  forms  the  starting-point 
of  the  series  of  experiments  with,  which  this  report  is  concerned. 

The  patient  was  on  a  holiday  in  Molangool,  near  Bundaberg,  Queensland, 
where  he  states  that  occasional  cases  of  dengue  fever  were  occurring,  and 
where  mosquitoes  (Stegomyia  fasciata)  were  biting  freely  in  the  daytime. 
He  left  Molangool  on  5.  i.  17,  passing  the  night  in  Bundaberg  and  thence 
journeying  to  Sydney  by  train.  He  arrived  in  Sydney  on  the  evening  of 
7. 1.  17.  Thus  his  last  day  in  Queensland,  and  the  last  day  on  which  he  was 
exposed  to  Stegomyia  bites,  was  on  6.  i.  17.  He  became  ill  on  11.  i.  in  the 
evening,  therefore  the  incubation  period  must  have  been  at  least  five  days, 
and,  assuming  he  was  infected  in  the  Molangool  district,  six  days  or  more. 

He  kindly  volunteered  to  allow  blood  to  be  taken  for  our  experiments, 
and  accordingly  one  of  us  went  to  see  him  on  the  13.  i.  at  4  p.m.,  and  took 
about  1  c.c.  of  blood  from  the  median  basilic  vein. 

This  case  was  apparently  typical  and  fairly  severe.  He  had  the  usual 
symptoms  and  a  marked  rash,  which  was  very  obvious  on  13.  i.  He  had  not 
taken  his  temperature  regularly  and  only  stopped  in  bed  one  day. 

Experimental  material.  The  blood  taken  on  13.  i.  17,  at  4  p.m.,  ca. 
46  hours  after  the  commencement  of  the  illness,  was  kept  on  ice  until  15.  i. 
at  4  p.m.,  when  it  was  used  to  inject  Cases  2  and  3.  There  was  about  1  c.c. 
of  clot  and  serum  in  the  test-tube.  This  was  shaken  up  with  about  2  c.c. 
of  sterile  normal  sahne  solution,  and  about  1  c.c.  of  the  fluid  part,  containing 
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corpuscles,  soruin  and  saline,  was  sucked  up  into  ;i  syiinj^M'  and  ecjual  amounts 
were  injected  into  ('as(\s  2  aiul  3. 

Subcutaneous  injection  of  0-5  0.0.  of  diluted  (I  to  2)  blood  taken  from  ('ase  1, 
4()  hours  after  the  onset,  virus  kept  outside  the  body  18  hours.  Result 
posit  fir. 

Case  2,  I)r  IT.  (J.  J.,  ni.  15.  i.  17.  On  this  date  JJr  A.  of  this  Depart- 
ment volunteered  for  experiment,  and  at  4  p.m.  he  was  injected  subcutaneously 
with  0-5  c.c.  of  diluted  blood  from  Case  1 .  The  blood  had  been  taken  from 
Case  1  about  40  hours  after  the  onset  and  had  been  outside  the  body  for 
48  hours;  it  was  diluted  ca.  1  to  2. 

From  this  date  the  temperature,  which  was  taken  once  at  least  and  usually 
twice  daily,  remained  normal  until  23.  i. 

20.  I.  On  this  date  he  first  felt  slight  rheumatic  pains  and  some  degree 
of  languor  on  rising  in  the  morning.    The  temperature  was  normal  at  7  a.m.. 
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and  at  9.30  a.m.  There  is  no  record  of  the  evening  temperature.  After  this 
there  were  occasionally  some  vague  symptoms  of  languor,  etc.,  but  no  rise 
of  temperature  until  23.  i.   Leucocytes  8500  per  c.mm. 

23. 1.  At  5  p.m.  the  temperature  had  risen  to  99°  F.,  and  by  9  p.m.  to 
99-5°  F.  At  10  p.m.  there  was  a  rigor.  A  restless  night  was  passed  and  he 
had  occipital  headache,  painful  eyes  and  vague  rheumatic  pains. 

24.  I.  At  7.30  a.m.  the  temperature  was  101-8°  F.  The  patient  came  in 
to  work  and  between  rising  and  11.30  a.m.  took  three  5-grain  doses  of  aceto- 
saHcyhc  acid.  The  temperature  was  99-5°  F.  at  11.30  a.m.  At  midday  he 
returned  to  his  home.  At  5.30  p.m.  the  temperature  was  102°  F.  and  the 
pulse  80,  and  at  9.30  p.m.  the  temperature  was  101-6°  F.  At  about  11  a.m. 
blood  had  been  withdrawn  from  a  vein  and  used  to  inject  Cases  4  and  5. 
Blood  from  the  ear  and  the  serum  from  clotted  blood  from  the  vein  were 
examined  ultra-microscopically  without  finding  any  recognisable  parasites. 

25.  I.  He  stopped  in  bed  all  day  and  had  severe  headache,  pains  in  the 
hmbs  and  eyes,  and  several  chills.  He  took  5  grains  of  aceto-saHcylic  acid 
every  three  hours.   The  temperature  at  7.30  a.m.  was  99-5°  F.;  at  11.30  a.m. 
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l()2-8";  atr).30p.m.,  101-8°  (pulse  74);  at  9.30p.m.,  1024°.    He  passed  a  very 
restless  nitrht  and  did  not  sleep  until  4.30  a.m. 

26.  1.  A  faint  macular  rash  was  discernible  on  the  abdomen  and  thorax. 
The  temperature  ranged  from  99°  to  100-5°  F.  (see  Chart). 

27.  T.  The  inguinal  glands  were  distinctly  enlarged  on  both  sides.  The 
temperature  was  100°  F.  at  10.30  a.m.,  and  101-4°  at  2.30  p.m.  Leucocytes 
3400  per  c.mm.  Blood  was  taken  on  this  day  about  11  a.m.  from  a  vein  and 
used  to  inoculate  Case  6. 

28.  I.  There  was  a  faint  but  distinct  morbilliform  rash  on  the  hands  and 
forearms,  most  distinct  on  the  palms.  The  temperature  was  99-4°  F.  morning 
and  evening. 

29.  I.  The  rash  was  very  distinct  and  well-defined  on  the  abdomen, 
chest,  forearms,  thighs,  back,  and  palms  of  the  hands.  The  face  was  free. 
The  temperature  was  99°  to  100°  F. 

30.  I.  The  temperature  was  normal  and  the  patient  felt  practically  well, 
although  stiffness  and  a  slight  feeling  of  indisposition  were  present  for  some 
days  afterwards. 

Remarks.  The  case  was  a  very  definite  one  of  dengue  of  rather  severe 
type  and  the  patient  looked  very  ill  for  several  days.  The  rash  was  extremely 
marked  and  very  widespread.  The  incubation  period,  to  the  rise  of  tempera- 
ture, was  almost  exactly  eight  days,  but  vague  indisposition  occurred  just 
before  five  days  had  elapsed.  Blood  from  this  case,  taken  on  the  second  day 
after  the  rise  of  temperature  (24.  i.  17),  ca.  18  hours  after  the  onset,  gave  a 
positive  result,  i.e.  it  induced  the  typical  disease  in  Case  4,  and  blood  taken 
on  the  fifth  day  of  the  disease  (27.  i.  17),  or  about  90  hours  after  the  rise  of 
temperature,  caused  the  disease  in  Case  6. 

Experimental  material,  (a)  Blood  was  taken  at  11  a.m.  on  24.1.  17,  ca. 
18  hours  after  the  onset  as  indicated  by  a  rise  of  temperature.  About  2-5  c.c. 
of  blood  was  thus  obtained  and  allowed  to  clot,  and  then  ground  up  in  a 
mortar  with  2-5  c.c.  of  sterile  normal  saHne  solution. 

1  c.c.  of  the  more  fluid  part  of  this  mixture  was  injected  into  Case  4. 

1  c.c.  of  the  same  was  injected  into  a  guinea-pig,  without  result. 

3  c.c.  of  the  same  was  mixed  with  2  c.c.  of  a  saline  emulsion  of  B.  coli 
communis  and  filtered  through  a  Pasteur-Chamberland  F.  candle  and  subse- 
quently 10  c.c.  of  water  were  added.  About  10  c.c.  of  red  stained  fluid  came 
through  fairly  quickly.    There  remained  in  the  filter  candle  about  5  c.c. 

The  filtrate  was  tested  as  follows : 

On  24.  1. 17, 1  c.c.  was  added  to  about  20  c.c.  of  broth.  The  original  culture 
remained  sterile  up  to  31.  i.,  after  which  it  was  not  further  examined.  Agar 
subcultures  from  this  remained  sterile.  The  last  subculture  was  made  on 
31.  I.  and  examined  on  1.  ii. 

On  24.  I.  17  broth  and  agar  cultures  were  made  with  one  or  two  loops 
of  the  filtrate.    These  remained  sterile  until  the  last  examination  on  31.  i. 

The  remaining  filtrate  (ca.  9  c.c.)  was  used  to  inject  Case  5. 
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Altliou^li  the  jihovc  (i;:;ni('s  loi-  dilution  are  only  approxiniatc.ly  accurate, 
it  will  1)0  observed  that  the  blood  u.sed  to  inject  Case  4  was  diluted  ca.  nine 
times  with  saline  and  water  (1  to  9). 

(/>)  Blood  (akcii  at  II  a.m.  (iH)  hours  after  ihc  ousel)  on  27.  I.  was  not 
treated  in  an\'  wa\'  but  was  used  to  inject  Case  G. 

Injection  of  a  volunteer  who  had  had  dengue  ei^ht  months  previously,  with 
virulent  deu<jjue  l)loo(l.    Result  negative. 

Case  3.  I)r  H.  B.,  m.,  34  years.  One  of  us,  who  had  been  the  subject  of 
ex})erimental  mosciuito-borne  den<^ue  ei^ht  months  previously,  was  injected 
on  15.  r.  1 7,  at  4  p.m.,  with  0-5  c.c.  of  the  diluted  blood  from  Case  1.  The 
amount  injected  was  approximately  ecjual  to  that  injected  at  the  same  time 
into  Case  2. 

On  16  and  17.  i.  there  was  some  headache,  sore  throat  and  languor  but 
no  areola  round  the  injection  and  the  temperature  was  normal.  No  symptoms 
developed  after  this  date. 

The  result  was  negative,  but  Case  2,  similarly  injected,  but  not  protected 
by  a  previous  attack  of  dengue,  developed  this  disease. 


Subcutaneous  injection  of  1  c.c.  of  about  equally  diluted  blood  and  saline 
solution  taken  from  Case  2,  18  hours  after  the  onset,  virus  kept  outside 
the  body  3J  hours.    Result  positive. 

Case  4,  H.  G.,  m.,  40  years.  This  volunteer  was  injected  subcutaneously 
on  24. 1.  17,  at  2.30  p.m.  with  1  c.c.  of  diluted  blood  serum  and  corpuscles 
from  Case  2.  The  blood  was  taken  from  Case  2  at  11  a.m.  on  24.  i.  17 
(18  hours  after  the  onset).  The  dilution  was  with  approximately  equal  parts 
of  blood  and  sterile  saline  solution  (for  details  see  Case  2).  The  virus  was  out- 
side the  body  about  3J  hours. 

The  patient  remained  well  until  31.  i.  although  he  complained  of  slight 
headache  a  day  or  so  before  the  definite  onset. 

31.  I.  17.  He  arrived  at  the  Laboratory  looking  very  sick  and  said  he 
had  been  taken  ill  about  3  a.m.  He  had  pains  "all  over"  and  headache 
and  felt  very  weak.  His  face  was  flushed.  There  was  no  definite  rash.  The 
temperature  was  100-4°  F.  and  the  pulse  120,  on  arrival  at  the  Laboratory 
about  10  a.m.    The  leucocytes  were  8700  per  c.mm. 

Blood  was  taken  on  this  day  at  about  11  a.m.  from  the  median  basilic 
vein  and,  after  filtration,  was  used  for  the  injection  of  Case  7,  with  a  negative 
result. 

2.  II.  He  stated  that  he  had  had  two  "bad"  days  at  home,  feeling  sick, 
but  was  better  now.  There  was  a  well-marked  rash.  Leucocytes  16,000 
per  c.mm. 

Blood  taken  at  midday  from  a  vein  was  used  as  material  to  inject  Cases 
8 — 11,  three  of  which  were  positive. 
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5.  11.    The  patient  felt  fairly  well. 

Blood  was  taken  at  midday  (?)  and  used  to  inject  Case  12  with  a  negative 
result. 

Remarks.  The  incubation  period  was  ()|  days.  Although  a  temperature 
chart  was  not  regularly  taken,  the  case  was  absolutely  typical  and  moderately 
severe.  The  rash  was  well  marked  on  the  trunk  and  arms.  Inoculation  with 
blood  taken  from  this  case,  31  hours  after  the  onset,  gave  a  positive  result, 
reproducing  the  disease  in  several  cases. 

Experimental  material.  First  specimen.  A  specimen  of  blood  was  drawn 
from  a  vein  on  31.  i.  17,  at  about  11  a.m.,  about  eight  hours  after  the 
onset.  A  little  serum  was  separated  for  the  Bordet-Gengou  test  for  syphilis, 
which  proved  to  be  negative. 

The  remaining  serum  and  clot  were  mixed  with  about  equal  parts  of  boiled 
tap  water.  Some  of  this  mixture  was  removed  with  the  object  of  using  it 
subsequently  for  injection  but  when  required  it  was  found  to  have  become 
contaminated.  The  remainder  was  again  equally  diluted  with  a  watery 
emulsion  of  a  colon  bacillus  {B.  acidi  lactici  type)  and  crushed  up  as  far  as 
possible  in  a  mortar.  The  more  fluid  portion  was  put  into  the  filter  but  would 
not  pass  through  the  candle.  A  further  addition  of  water  of  approximately 
equal  amount  to  the  already  diluted  material  was  added.  Filtration  was 
slow  and  only  about  2  c.c.  of  filtrate  were  obtained.  The  dilution,  when 
filtered,  was  about  1  to  7,  but  this  is  not  accurate  having  regard  to  the  removal 
of  the  more  fluid  part  for  the  Bordet-Gengou  reaction,  etc.,  and  the  final 
discarding  of  the  clot. 

Cultures  were  made  from  the  filtrate — one  and  two  loops  on  broth,  and 
one  and  two  loops  on  agar,  and  subsequently  subcultures  were  made  on  agar 
from  the  broth.    All  cultures  remained  sterile. 

The  whole  filtrate,  consisting  of  about  2  c.c.  of  fluid,  was  injected  into 
Case  7  with  a  negative  result. 

Second  specimen.  This  was  taken  from  a  vein  on  2.  ii.  17,  at  midday, 
ca.  57  hours  after  the  onset. 

(A)  2  c.c.  were  squirted  from  the  syringe  into  ca.  10  c.c.  of  1*5  %  sodium 
citrate  in  normal  saline.  This  was  centrifuged  for  15  minutes  and  the  super- 
natant fluid  separated  from  the  deposit. 

The  supernatant  fluid  was  then  centrifuged  for  one  hour  and  the  fluid, 
down  to  \  in.  from  the  bottom  of  the  tube,  drawn  off.  This  was  labelled 
"washings,''  and  contained  no  corpuscles  microscopically.  The  dilution  would 
be  1  to  5.  Cultures  on  broth  and  agar  made  on  2.  ii.  remained  sterile.  These 
"washings"  gave  a  positive  result  in  Case  11. 

The  corpuscles  from  the  first  centrifugalisation  were  suspended  in  sterile 
saline  solution  and  shaken  and  recentrifuged  for  15  minutes.  The  supernatant 
fluid  from  this  centrifugalisation  was  drawn  oft,  fresh  sterile  saline  added, 
and  the  mixture  again  shaken  and  recentrifuged  for  15  minutes.  The  procedure 
was  repeated  and  the  residual  corpuscles  were  retained.    Cultures  made  on 
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Jiiiar  iiiid  hrotli  rcriiaincd  sterile.  These  four-times  washed  corpuscles  were 
labelled  ^' intshcd  coryusdi'sy    They  <rave  a  positive  rcsull  in  Case  JO. 

(1^)  About  5  c.c.  of  blood-clot  were  })roken  up  with  a  sterile  wire,  and 
2  c.c.  of  the  more  lliiid  |)art,  were  separated  and  labelled  "blood";  0-8  c.c. 
(II  minims)  of  this  were  used  to  inject   Case  8,  with  a  positive  result. 

((-)  The  reinainin<i;';3  c.c.  of  clotted  blood  were  dilut(;d  with  about  9  c.c. 
of  a  watery  emulsion  of  B.  coJi  L.r.P.M.,  and  were  filtered  in  the  usual  way. 
The  filtrate  was  tested  by  a<;ar  and  broth  cultures  and  found  sterile.  This 
was  labelled  '\/{l(r<ttc,''  and  2-8  c.c.  were  used  to  inject  Case  9  with  a  negative 
result. 

Third  specimen.  Blood  was  taken  on  5.  u.  17  at  ?  midday,  and  without 
dilution,  0-3  c.c.  (5  minims)  of  serum  and  corpuscles  were  injected  into 
Case  12.    With  negative  result. 

Suynmarg  of  experimental  results  obtained  from  material  from  Case  4. 

Diluted  (1  to  7)  filtered  blood  taken  about  eight  hours  after  the  onset 
gave  a  negative  result  (Case  7). 

Undiluted  blood  taken  57  hours  after  the  onset  gave  a  positive  result 
(Case  8). 

Washed  corpuscles  taken  57  hours  after  the  onset  gave  a  positive  result 
(Case  10). 

Diluted  (1  to  5)  washings  taken  57  hours  after  the  onset  gave  a  positive 
result  (Case  11). 

Diluted  (1  to  3)  filtered  blood  taken  57  hours  after  the  onset  gave  a 
negative  result  (Case  9). 

Undiluted  blood  taken  approximately  130  hours  after  the  onset  gave  a 
negative  result  (Case  12). 


Subcutaneous  injection  of  9  c.c.  of  10  times  diluted  filtrate  (1  to  9)  from 
Case  2,  taken  less  than  18  hours  after  the  onset.  Virus  kept  outside  the 
body  ca.  29  hours  or  less.    Result  negative. 

Case  5,  P.  N.,  m.  On  25.  i.  17,  this  volunteer  was  injected,  at  a  time 
not  noted  but  probably  about  4.30  p.m.,  with  9  c.c.  of  a  filtrate  prepared 
from  blood  taken  from  Case  2  on  24.  i.  17,  at  11  a.m.,  i.e.  ca.  18  hours  after 
the  onset.  The  virus  was  thus  outside  the  body  probably  about  29  hours. 
This  dilute  filtrate  would  correspond  roughly  to  the  fluid  from  0-9  c.c.  of 
blood.  The  arm  was  sore  and  showed  an  erythematous  flush  for  a  few  days 
around  the  site  of  inoculation,  and  the  temperature  rose  next  day  to  99°  F. 
This  rise  was  evidently  due  to  toxins  in  the  material  inoculated,  probably 
from  the  colon  bacilli  used  as  a  test  for  possible  permeability  of  the  filter. 

Examination  of  the  temperature  chart  (not  published),  which  was  kept 
from  28.  i.  until  28.  ii.  17,  and  was  taken  four-hourly  from  3  to  28.  ii., 
shows  a  rise  to  99-4°  F.  on  the  ninth  day,  followed  by  several  minor  rises 
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above  normal,  until  on  the  22nd  day  the  tem- 
perature reached  100°  F.  followed  by  99-2°  F. 
on  the  23rd  and  24th  days  of  illness. 

During  the  whole  period  that  this  chart  was 
kept,  the  patient  worked  hard  and  felt  well. 
His  body  was  examined  daily  but  showed  no 
rash  or  other  signs  of  infection.  The  pulse  was 
variable,  being  usually  rather  slow  and  often 
at  about  50  and  sometimes  lower. 

Remarks.  Taking  all  things  into  considera- 
tion, although  it  is  possible  that  there  may 
have  been  a  modified  reaction  to  the  virus,  the 
case  must,  for  the  purposes  of  proof  of  filtra- 
bility  of  the  dengue  virus,  be  regarded  as 
negative.  This  experiment  is  discussed  sepa- 
rately in  the  section  deaUng  with  filtrabihty  of 
the  virus. 


Subcutaneous  injection  of  0-5  c.c.  of  undiluted 
blood  from  Case  2,  taken  90  hours  after 
onset.  Virus  kept  outside  the  body  6  J  hours. 
Result  positive. 

Case  6,  H.  D.,  m.,  45  years.  This  case  was 
injected  at  5.30  p.m.  on  27.  i.  17  with  0-5  c.c.  of 
untreated  blood  taken  from  Case  2  on  27.  i.  17, 
at  11  a.m.  The  virus  had  been  taken  90  hours 
after  the  onset  and  was  outside  the  body  6J 
hours. 

This  patient  felt  a  little  "out  of  sorts"  on 
the  afternoon  of  11.  ii.  17,  and  had  a  rash  on 
his  shoulders  with  a  temperature  at  6  p.m.  of 
99-6°  F. 

12.  II.  17.  On  examination  the  face  was 
sufiused,  the  eyes  and  pharynx  injected,  the 
tongue  slightly  coated,  and  a  slight  cough  was 
present.  There  was  a  well-marked  rash  con- 
sisting of  a  pinkish  raised  papular  erythematous 
mottUng  over  the  whole  body,  except  below  the 
knees  and  on  the  hands.  The  rash  tended  to 
run  together  into  large  patches.  It  was  very 
copious  in  the  armpits  and  groins.  It  began  on 
the  shoulders  and  quickly  covered  the  upper 
three-fourths  of  the  body. 

13.  II.     The   rash   was   more   copious   but 
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sliiilitK'  duller  in  colour.  The  disl  I'iluition  was  tho  sjiiii(\  The  rash  was  seen 
])V  seveial  mrdical   ineii  and   |)liot o<:iai)he(l.    The  patient  felt  well. 

II.  II.  'I'lie  lash  was  fadiiiL!.  Tlieic  was  still  some  cou'ih.  Tlie  patient 
ielt   well. 

15.  II.    The  same  as  on   II.  li. 

16-17.  II.     The  rash   was  only  visil)le  on  the  haek.    The  patient    felt  well. 

18-21.  II.  There  was  now  only  an  erythematous  blush  on  the  hack  and 
no  rash.    The  })atient  felt  well. 

•2,*i.  II.    The  patient  was  allowed  up. 

Rcnidrks.  The  chart  of  this  case  shows  an  irre<^ular  dipfiasic  temperature 
variation  with  a  late  third  rise.  The  incubation  period,  measured  to  the 
first  definite  rise  of  temperature,  is  about  15  days,  which  is  double  that  of 
the  usual  period  found  in  our  first  series  of  cases.  However,  the  present  series 
contains  other  instances  of  long  periods  and  the  case  cannot  be  rejected  as 
being  positive  on  this  account.  The  symptoms  were  very  mild  but  the  patient 
was  of  a  very  low  mental  type  and  it  was  hard  to  get  intelligent  replies  to 
questions. 

A  specimen  of  blood  was  taken  with  the  object  of  using  it  for  further  inocu- 
lations, but  the  case  gave  a  strongly  positive  Bordet-Gengou  ("compluetic") 
test  and  thus  prevented  this  being  done.  The  rash  was  in  our  opinion,  and  in 
that  of  others  who  saw  it,  definitely  not  a  syphihtic  manifestation  and  equally 
definitely  was  of  the  type  seen  in  dengue.  The  case  bore  evidence  of  old, 
probably  congenital,  syphilis  and  no  evidence  of  recent  infection. 

The  temperature-pulse  relationship,  although  not  typical  of  dengue  as 
seen  in  some  of  the  charts,  shows  for  the  most  part  a  relatively  slow  pulse 
in  relation  to  the  height  of  temperature. 


Subcutaneous  injection  of  2  c.c.  of  filtered  blood  from  Case  4,  the  blood 
taken  eight  hours  after  the  onset  in  Case  4.  Virus  kept  outside  the  body 
30  hours.   Result  negative. 

Case  7,  W.  J.  I.,  m.,  72  years.  On  1.  ii.  17,  at  4.30  p.m.,  the  volunteer 
received  subcutaneously  2  c.c.  of  the  filtrate  from  Case  4.  The  blood  from 
which  this  was  obtained  was  taken  on  31.  i.  17,  eight  hours  after  the  onset, 
and  was  kept  outside  the  body  for  30  hours.  The  temperature  was  charted 
for  22  days  twice  daily  and,  except  for  a  rise  to  99°  F.  on  the  day  after  the 
injection,  remained  normal. 

Remarks.  This  case  gave  a  definitely  negative  result  with  filtered  diluted 
blood.  There  was  no  control  case  injected  wath  untreated  blood  taken  on 
this  date,  but  blood  taken  on  the  third  day  of  Case  4  gave  positive  results, 
and  therefore  it  is  almost  certain  that  blood  taken  on  the  first  day  was  infective 
and  that  the  failure  of  the  filtrate  to  produce  infection  cannot  be  attributed 
to  an  absence  of  virus  in  the  blood. 

This  case  is  discussed  fully  in  the  section  on  filtrability  of  the  virus. 
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Subcutaneous  injection  of  0-8  c.c.  of  untreated  blood  taken  from  Case  4, 
57  hours  after  the  onset.  Virus  kept  outside  the  })ody  99  hours.  Result 
positive. 

Case  8,  J.  W.  M.,  m.,  63  years.  On  6.  ii.  17,  at  3  ]).ni.,  the  case  received 
subcutaneously  0-8  c.c.  of  blood  which  had  been  withdrawn  from  Case  4  on 
2.  II.  17  at  noon,  that  is,  57  hours  after  the  onset,  and  kept  on  ice  for  99 
hours. 

The  temperature,  as  can  be  seen  on  the  chart,  was  sH^htly  above  normal 
for  several  days  after  the  injection,  but  between  11.  ii.  and  15.  ii.  it  remained 
practically  normal  or  subnormal. 

16.  II.  When  the  patient  entered  the  ward  at  2  p.m.  to  have  his  tempera- 
ture taken,  he  looked  flushed,  and  his  temperature  was  found  to  be  100°  F., 
but  he  did  not  complain  of  any  symptoms.  That  evening  the  temperature 
rose  to  101°  F. 

17.11.  He  was  examined  in  bed:  face  flushed,  eyes  clear,  tongue  not 
coated,  pharynx  injected,  slight  cough  but  no  coryza.  He  stated  he  felt  well. 
There  was  an  erythematous  flushing  of  the  back.  Maximum  temperature 
100-5°  F. 

18-19.  II.    No  rash  present,  tongue  coated.    Temperature  was  99-2°  F. 
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20.  II.  Tongue  clearing,  a  faint  mottling  on  the  abdomen  and  back. 
Maximum  temperature  100-2°  F. 

21.  II.  Mottling  on  chest,  back  and  abdomen,  but  not  on  legs  and  arms. 
The  patient  felt  w^ll.    Temperature  99-7°  F. 

27.  II.  Patient  allowed  up.  The  rash  w^as  fading.  Temperature  had  been 
subnormal  since  23.  ii. 

Remarks.  The  incubation  period  w^as  ten  days.  The  temperature  variation 
was  roughly  diphasic  having  its  maxima  at  6  p.m.  on  16.  ii.  and  at  10  a.m. 
on  20.  II.  The  pulse  tended  to  be  slow  and  this  bradycardia  is  noticed  on 
the  chart  to  start  several  days  before  the  definite  onset.  During  the  first 
period  of  pyrexia  the  pulse  was  on  two  occasions  raised  correspondingly  with 
the  temperature,  but  for  the  most  part  and  especially  in  the  later  stages  of 
the  pyrexia  remained  relatively  slow%  until  the  end  of  the  temperature-taking. 
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AltlH)u<j:h  slow,  there  was  a  iiotiro.ablo  correspoiHleMce  between  the  oseilhitions 
of  the  i)iils(»  and  those  of  th(^  temperature,  a  correspondence  wliicli  is  seen 
ill  se\  (Mai  cases.  Tht'  most  st  iikin<^  feature  was  the  entire;  absence  of  symptoms. 
There  can  be  little  doubt,  however,  that  this  case  was  one  of  mild  (len«iue 
infect  ion. 

Th(>  j)atient  «iave  a  partially  i)ositive  l>ordet-Gen<^ou  (compluetic)  reac- 
tion, and  thci'cfoic  furtliei'  inoculations  could  not  be  practised. 

Subcutaneous  injection  of  blood  filtrate  from  Case  4.  The  blood  was  taken 
57  hours  after  the  onset  and  was  kept  outside  the  body  28  hours.  Result 
negative. 

Case  9,  J.  W.,  m.,  65  years.  On  3.  ii.  17,  at  4.30  p.m.,  2-8  c.c.  of  filtrate 
(diluted  1  to  3)  of  blood  from  Case  4  taken  on  2.  ii.  (noon),  57  hours  after  the 
onset,  were  injected  subcutaneously.  The  virus  had  then  been  outside  the 
body  for  28  hours. 

The  temperature  was  taken  twice  daily  for  seven  days  and  thereafter 
four-hourly  for  14  days.  There  was  a  rise  to  99-4°  F.  on  7.  ii.,  and  there  were 
slight  oscillations  later  not  exceeding  99°,  but  insufficient  to  indicate  infection. 
There  were  no  symptoms,  the  patient  feeling  perfectly  well  during  the  whole 
period. 

Remarks.  Result  negative.  There  were  three  other  cases  (8,  10,  11)  inocu- 
lated with  unfiltered  preparations  of  blood  taken  at  the  same  time,  all  of 
which  were  positive. 

The  case  is  fully  discussed  under  the  section  dealing  with  filtrability. 


Subcutaneous  inoculation  with  1-3  c.c.  of  washed  corpuscles  from  Case  4. 
The  blood  was  taken  57  hours  after  the  onset,  and  was  kept  outside  the 
body  28  hours.   Result  positive. 

Case  10,  P.  M.,  m.,  45  years.  On  3.  ii.  17,  at  4.30  p.m.,  1-3  c.c.  of  washed 
corpuscles  from  Case  4  (q.v.)  were  injected  subcutaneously  into  this  case. 
The  blood  from  which  the  corpuscles  were  derived  had  been  taken  from 
Case  4  on  2.  ii.  17,  at  noon,  that  is,  57  hours  after  the  onset.  The  virus  was 
kept  outside  the  body  28  hours. 

12.  II.  17.  At  5  p.m.  he  became  suddenly  ill  with  severe  frontal  headache 
and  flushing.  During  this  night  he  felt  hot,  flushed  and  headachy.  The 
temperature  rose  steeply  in  the  evening,  reaching  101°  F.  at  midnight. 

13.  II.  Face  flushed,  eyes  injected,  tongue  coated,  no  coryza.  He  stated 
that  the  headache  had  now  practically  gone.  There  was  an  erythematous 
flushing  of  the  back  but  no  rash.  Temperature  varied  between  100°  and 
lOr  F.  Blood  was  taken  for  experimental  purposes.  The  Bordet-Gengou 
(compluetic)  test  was  negative. 

14.  II.  Face  still  flushed,  eyes  injected,  tongue  coated.  He  felt  well. 
A  faint  mottling  on  the  back.   Temperature  varied  between  100°  and  101°  F. 
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15.  II.  Temperature  lower,  the  highest  point  reached  beirif^  100°  F.  There 
was  still  faint  inottlin*;  on  the  back.  The  patient  felt  well.  Another  sample 
of  blood  was  taken. 

U).  u.  Maximum  temperature  100-2°  F.  Mottling  still  visible  on  th<' 
back.    The  patient  felt  well. 

17.  II.  Kash  still  present  on  back  and  faintly  marked  on  chest.  He 
complained  of  feeling  hot.    Temperature  rose  to  102-8°  F. 

18-19.  II.  He  did  not  feel  so  well.  Temperature  fell  from  102°  F.  to 
subnormal. 

20.  II.  He  felt  well.  Maximum  temperature  99°  F.  A  third  specimen 
of  blood  was  taken. 

After  this  the  temperature  did  not  rise  above  99°  F.,  and  after  21.  ii.  17 
was  normal  or  subnormal.  He  was  allowed  up  on  22.  ii.  The  rash  was  still 
present  but  he  felt  well. 

Remarks.  The  inoculation  undoubtedly  caused  a  definite  attack  of 
dengue.    The  incubation  period  was  nine  days.    The  temperature  variation 
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was  definitely  diphasic  of  the  saddle  back  type.  The  pulse  showed  definitely 
the  failure  to  respond  proportionately  to  a  rise  in  temperature  so  frequent 
in  these  cases.  There  was  relative  bradycardia  from  the  beginning  to  the  end 
of  the  period  of  pyrexia,  and  after  the  attack,  the  pulse  was  periodically 
absolutely  slow.  In  this  case  we  note  again  a  rough  correspondence  in  the 
chart  between  the  oscillation  of  the  pulse  and  that  of  the  temperature, 
although  the  pulse  is  throughout  the  illness  slow. 

It  will  be  noted  that  prior  to  the  onset  there  was  a  period  during  which 
the  pulse  rate  was  higher  than  usual,  but  as  soon  as  the  pyrexia  appeared 
the  pulse  became  slower,  only  rising  during  the  second  part  of  the  pyrexia 
to  95,  although  the  temperature  was  102-8°  F. 

Blood  from  this  case,  taken  22  hours  and  67  hours  after  the  onset,  repro- 
duced the  disease,  but  blood  taken  eight  days  (ca.  190  hours)  after  the  onset 
gave  a  negative  result. 

Experimental  material.  First  specimen.  Blood  was  withdrawn  on  13.  ii.  17, 
at  ca.  3  p.m.,  i.e.  ca.  22  hours  after  the  onset. 
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('/)  'J  ('.('.  of  this  wjis  s()iiirl(Ml  irito  about  8  t'.('.  of  .slci'ih',  1-5%  sodium 
citiatc  ill  iionual  saline  solution.  Tliis  mixture  was  (;outrifu<^(Hl  free  from 
corpuscles  and  filtered  in  the  usual  way  after  addin<^  scraI)in<,^s  of  an  a^ar 
culture  of  H.  cnli.  Infiltration  was  rapid,  ca.  5  c.c.  of  fluid  being  obtained 
iji  a  few    nnnutes.    The  dilution  was  I   to   I. 

Cultures  were  made  by  addin<jj  two  loo|)sful  of  filtrate  to  10  c.c.  of  bioth 
and  also  by  smearing  a  loo])ful  on  agar.    These  cultures  remained  sterile. 

2-.*5  c.c.  of  the  filtrate  were  used  to  inject  Case  I'>  on  15.  ff.  17  at  4  p.m. 
with   /)()sifiv('  result. 

{{>)  Serum  fiom  tlie  clotted  blood  gave  a  negative  liordet-(jlengou  (com- 
pluetic)  reaction. 

Accidentally  most  of  the  clotted  blood  was  thrown  away,  but  there  were 
a  little  serum  and  corpuscles  left  in  the  test-tube  and  these,  after  being  shown 
to  be  sterile  by  culture,  were  injected  into  Case  14  on  15.  ir.  17  at  1  p.fn. 
About  0-3  c.c.  of  blood  was  injected  with  positive  result. 

Second  sjiecimen.  A  large  sample  of  blood,  about  20  c.c,  was  withdrawn 
on  15.  II.  17,  at  about  midday,  ca.  67  hours  after  the  onset. 

About  10  c.c.  of  serum  were  freed  from  corpuscles  by  centrifugalisation ; 
scrapings  of  a  culture  of  Staphylococcus  aureus  were  added  and  the  material 
filtered.  Filtration  was  rapid.  Cultures  on  broth  (two  loops)  and  agar  (one  loop) 
were  sterile.  2  c.c.  of  the  filtrate  were  used  to  inject  Case  15  with  a  positive 
result. 

Third  specimen.  Blood  was  taken  on  20.  ii.  17,  allowed  to  clot,  and  1  c.c. 
of  serum  and  corpuscles  were  used  that  day  to  inject  Case  16,  with  negative 
result.    This  specimen  was  taken  from  Case  10  about  190  hours  after  the  onset. 


Subcutaneous  injection  of  2  c.c.  of  "washings"  from  Case  4,  taken  57  hours 
after  the  onset.  The  material  was  kept  outside  the  body  for  28  hours. 
Result  positive. 

Case  11,  J.  D.,  m.,  74  years.  On  3.  ii.  17,  at  4.30  p.m.,  J.  D.  was  injected 
subcutaneously  with  2  c.c.  of  (1  to  5  diluted)  corpuscle-free  washings  from  the 
citrated  blood  of  Case  4,  the  blood  was  taken  on  2.  ii.  at  noon,  57  hours 
after  the  onset,  the  virus  having  been  kept  outside  the  body  for  28  hours. 

8.  II.  He  complained  of  languor  and  some  diarrhoea.  Temperature 
normal. 

9.  II.    He  said  he  felt  better  but  was  "tired."    Temperature  normal. 

10.  II.  Temperature  rose  to  99-0°  F.  at  4.25  p.m.  During  the  night  he 
felt  so  giddy  and  headachy  that  he  was  put  to  bed.  (He  was  employed  as 
night-watchman.)    Temperature  rose  to  101-6°  F.  by  midnight. 

11.  II.    Temperature  at  4  a.m.  102-4°  F.,  ca.  101°  to  102°  during  the  day. 

12.  II.  Face  flushed,  eyes  and  pharynx  injected,  tongue  coated.  There  was 
pain  in  the  neck  and  lumbar  region  and  slight  cough  but  no  corvza.  There 
was  no  rash.    The  patient  complained  of  sleeplessness.    Blood  was  taken  on 
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this  day  and  gave  a  positice  result  in  the  form  of  a  filtrate  in  Case  17  and 
as  "vvashin»>s"  in  Case  18. 

13.  II.  He  felt  much  better  and  tliere  were  no  })ains.  There  was  some 
suggestion  of  a  rash.    Temperature  fell  to  normal. 

1  1.  11.  A  pinkish  erythematous  mottling  over  the  whole  back,  chest, 
abdomen,  thighs,  shoulders  and  arms,  but  nothing  on  the  legs,  feet  or  hands. 
He  felt  well.    Temperature  about  normal. 

If).  II,  The  rash  fading.  Blood  taken  on  this  date  gave  a  negative  result 
as  a  serum  filtrate  injected  into  Case  19.  The  temperature  was  normal  at 
this  time. 

16-22.  II.  The  rash  faded  gradually  and  the  patient  felt  quite  well.  He 
was  allowed  up  on  22.  ii.  There  were  rises  of  temperature  on  17  and  18.  ii. 
to  99°  F. 

26.  II.  He  complained  of  weakness.  The  temperature  had  been  normal 
or   subnormal   since    18.  ii. 
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Remarks.  The  incubation  period,  measured  to  the  first  rise  of  temperature, 
was  seven  days.  The  previous  symptoms  are  regarded  as  premonitory.  The 
chart  shows  a  definitely  maintained  rise  of  temperature  from  10  to  13.  ii. 
inclusive.  On  the  evening  of  13.  ii.  the  temperature  fell  sharply  and  there- 
after, except  for  two  isolated  rises  to  99°  F.  on  17  anc^  18.  ii.,  was  normal  or 
subnormal  until  23.  ii.  (end  of  chart). 

The  pulse-temperature  relationship  was  "typical."  Except  for  a  slight 
increase  on  the  day  after  the  onset  of  fever,  the  pulse  failed  to  respond  to 
the  rise  of  temperature.  Relative  bradycardia  is  marked.  Towards  the  end 
of  the  chart  are  seen  occasional  periods  of  definite  absolute  bradycardia. 
Although  the  rash  was  not  marked  it  was  definite.    The  result  was  positive. 

Experimental  material.  First  specimen.  On  12.  ii.  at  3  p.m.,  47  hours 
after  the  onset,  about  10  c.c.  of  blood  were  taken  from  a  vein.  7  c.c.  of  this 
were  allowed  to  clot — about  1  c.c.  of  the  serum  was  then  abstracted  for  a 
Bordet-Gengou  (compluetic)  test  (w^hich  proved  negative),  and  also  another 
1  c.c.  of  serum  and  corpuscles  was  abstracted  for  injection  purposes  but  not 
used.    The  remaining  serum  and  clot  (about  5  c.c.)  were  mixed  with  about 
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lo  (•.('.  of  a  watciy  (Miuilsioii  of  colon  bacilli  and  sliakcn  well  U)<^itt\\er.  After 
allowin;^  tlic  solid  material  to  deposit,  the  more  finid  part  of  tlie  mixture  was 
a^ain  ecpially  diluted  with  la p-imfcr  and  filtered  in  the  usual  manner  through 
a  Pasteur-('haml)eilaiid   i^\  lilter. 

About  ")('.('.  of  lilt  late  were  rapidly  obtained  (the  candle;  still  retained 
about  ()  c.c.  of  material).  The  filtrate  was  tested  by  making  cultures  on  agar 
(one  loop)  and  on  broth  (two  loops),  and  these  remained  sterile.  The  specimen 
was  labelled  "blood  filtrate,  Case  11,"  and  about  2  c.c.  were  used  to  inject 
Case  17  with  a,  }x)si/ive  resull.    The  dilution  was  approximately  1  to  5. 

About  2  c.c.  of  the  original  blood  was  mixed  with  about  5  c.c.  of  1-5  % 
sodium  citrate  normal  saline  solution.  The  mixture  was  centrifuged  for 
half-an-hour  and  the  supernatant  fluid  removed.  Some  haemolysis  had 
occurred  and  the  supernatant  fluid  still  contained  some  red  corpuscles.  The 
supernatant  fluid  was  recentrifuged,  poured  off,  and  left  overnight.  On  the 
next  day  this  was  again  recentrifuged  and  the  supernatant  fluid  removed 
and  labelled  "washings  from  Case  11."  2-6  c.c.  were  used  to  inject  Case  18 
with  a  'positive  result. 

We  have  no  note  as  to  the  microscopical  examination  of  the  final  fluid 
but  it  is  safe  to  say  it  was  then  free  from  corpuscles.  The  dilution  was  approxi- 
mately 1  to  2\. 

Second  specimen.  About  15  c.c.  of  blood  w^ere  taken  on  15.  ii.  17  at  about 
noon,  and  the  serum  was  centrifuged  free  from  corpuscles.  About  3  c.c.  of 
the  serum,  distinctly  stained  with  haemoglobin,  were  obtained  and  this  w^as 
diluted  equally  with  water.  To  the  dilute  material  a  loopful  of  an  agar 
culture  of  Staphylococcus  aureus  was  added.  It  was  filtered  in  the  usual  way 
through  a  Pasteur-Chamberland  F.  candle.  The  filtrate  came  through  rapidly 
and  w^as  labelled  ''  serum  filtrate  from  Case  11."  Cultures  made  on  agar  (one 
loop)  and  broth  (two  loops)  proved  sterile.  This  filtrate  w^as  used  to  inject 
Case  19  with  a  negative  result.  • 


Subcutaneous  injection  of  0-3  c.c.  (5  minims)  of  untreated  blood  from  Case  4, 
ca.  130  hours  after  the  onset.  Virus  kept  outside  the  body  less  than 
24  hours.    Result  negative. 

Case  12,  P.  B.,  m.,  61  years.  On  6.  ir.  17,  at  10  a.m.,  he  received  sub- 
cutaneously  0-3  c.c.  of  serum  and  corpuscles  from  Case  4,  which  had  been 
taken  on  5.  ii.  about  130  hours  after  the  onset.  The  virus  was  kept  outside 
the  body  for  less  than  24  hours. 

The  temperature  and  pulse  were  taken  twice  daily  for  six  days,  and  then 
every  four  hours  for  16  days,  but  no  indications  of  infection  followed. 

Remarks.  The  injection  gave  a  negative  result,  this  indicating  that  the 
virus  w^as  not  present  in  the  blood  of  Case  4  on  the  sixth  day  (ca.  130  hours) 
from  the  onset. 
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Subcutaneous  injection  of  2-3  c.c.  of  citrated  plasma  filtrate  from  Case  10. 
The  blood  was  taken  about  22  hours  after  the  onset.  Virus  kept  outside 
the  body  59  hours.    Result  positive  {mild). 

Case  13,  R.  C,  m.,  58  years.  On  15.  ii.  17,  at  4  p.m.,  K.  ('.  was  injected 
subcutaneously  with  2-3  c.c.  of  citrated  plasma  filtrate  taken  from  Case  10. 
The  blood  wag  withdrawn  from  Case  10  at  3  p.m.  on  13.  ii.  or  22  hours  after  the 
onset.    The  virus  was  kept  outside  the  body  for  48  hours. 

21-22.  II.  The  temperature  was  as  high  as  98-8°  F.  at  8  a.m.  on  21.  ii. 
but  thereafter  remained  about  normal  until  midday  on  22.  ii.,  when  it  reached 
99°  F. 

23.  II.  Temperature  was  99-2°  F.  at  4  p.m.,  and  99-6°  at  8  p.m.  The 
patient  complained  of  feeling  "out  of  sorts,"  and  was  put  to  bed  for  observa- 
tion. 

24.  II.  Temperature  remained  at  99°  F.  during  the  day,  rising  to  99*4° 
in  the  evening.  He  had  slight  headache  and  depression  and  also  a  faint 
flushing  of  the  face  and  back. 


Date 

15 

16 

17 

18 

19 

20 

21- 

22 

23 

24 

25 

26 

2i 

28 

/ 

2 

3 

4 

5 

6 

Pulse 
180 

F. 

- 

W& 

- 

- 

160 

ma 

_ 

_ 

150 

104 

- 

CA 

SE 

13. 

• 

- 

140 

102 

--§ 

R.C 

.58 

^ 
^ 

- 

130 
120 

101 
100 

* 

^ 
^ 

fi 

L 

- 

110 
100 

99 
98 

L 

^ 

tV 

-A_ 

^ 

IUm 

,il^ 

./\ 

H^ 

\ 

i 

^^ 

I 

• 

^ 

90 
80 

-  ^ 

^^ 

--»^ 

v^ 

'    \ 

{r^:.^J', 

^VMV 

^Vr^ 

^ 

7t 

"rO 

^A} 

A^ 

^^ 

^ 

^ 

97 
96 

/ 

*■ 

V 

V 

V  \^^ 

/ 

'"v^ 

iJ^ 

%> 

*".;. 

9        • 

r-V- 

70 
60 

1 

/ 

1 

X 

<x           V- 

^ 

- 

50 

25.  II.    Temperature  fell  and  the  patient  felt  well. 
*     26.  II.    Patient    complained    of    headache    during    the    previous    night. 
Tongue  coated,  face  and  back  flushed,  but  there  was  no  rash.    During  the 
afternoon  and  evening,  the  temperature  rose  rapidly,  reaching  100-8°  F.  at 
8  p.m. 

27.  II.    Temperature  subnormal  during  the  morning,  and  99°  F.  at  midday. 

2.  III.  Since  28.  ii.  the  temperature  had  been  normal.  On  this  date  the 
patient  complained  of  pain  in  the  chest  and  was  not  so  well. 

3.  III.  Slight  headache  and  flushing  of  the  back  were  present.  Tongue 
coated. 

There  was  nothing  further  to  note  after  this  date,  and  the  patient  got 
up  on  5.  III. 

Remarks.  It  is  hard  to  fix  the  time  of  onset  of  the  pyrexia,  as  will  be 
seen  by  reference  to  the  chart.  As  early  as  21.  ii.  there  was  a  rise  to  nearly 
99°  F.  and  during  22.  ii.  the  temperature  was  on  the  99°  level.  On  23.  ii. 
the  temperature  rose  definitely,  reaching  99-6°  F.,  and  on  24.  ii.  the  highest 
point  was  99-5°  F.   On  the  evening  of  26.  ii.  there  was  a  steep  rise  to  100-8°  F. 
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at  8  ]).ni.,  ])iit  l)y  8  a. in.  on  27.  ii.  tlii.s  had  subsided  to  rise  to  99'^  at  midday. 
Theroaftor,  with  the  ('\({'|)t ion  of  oii(>  sliiiht  rise  to  99-2"  on  28.  [[.  tfic  t('Mi))era- 
turc  was  practically  noiinal. 

('onsidcM'inu;  the  occurrence  ol  s}'in|)t()nis,  mild  hiil  (h'linitc,  on  the  evening 
of  23.  IF.,  it  is  j)rol)able  that  the  onset  occuiiccl  a()out  this  time  and  was 
foHowed  l)v  the  mild  attack  of  (h'n^ue.  Assuming  that  the  evenin<^  of  23.  ir. 
represents  the  beginning  of  tlie  attack,  the  im^ubation  period  was  eij^ht  days. 
Tlie  type  of  cliart  was  definitely  diphasic  with  an  initial  slif^ht  pyrexia,  and 
a  secondary  more  definite  pyrexia  on  20.  ii. 

The  pulse  is  characteristic  in  both  phases,  fai]in<i  almost  comi)letely  to 
respond  to  the  rise  of  temperature. 

Experimental  material.  It  was  impossible  to  utilise  the  blood  from  this 
case  for  further  experiments  as  there  were  no  volunteers  obtainable. 


Subcutaneous  injection  of  about  0-3  c.c.  of  untreated  blood  (serum  and  cor- 
puscles) taken  from  Case  10,  about  22  hours  after  the  onset.  Virus  kept 
outside  the  body  49  hours.    Result  positive. 

Case  14,  H.  W.,  m.,  70  years.  On  15.  ii.  17,  at  4  p.m.,  H.  W.  w^as  injected 
with  about  0-3  c.c.  of  serum  and  corpuscles  taken  from  Case  10  on  13.  ii.  at 
3  p.m.,  i.e.  22  hours  after  the  onset.  The  virus  was  kept  outside  the  body 
for  49  hours. 

20.  II.  Temperature  100-6°  F.  at  3  p.m.  Patient  said  he  felt  "flushed" 
but  he  had  no  other  symptoms. 

21.  II.  Temperature  103-8°  F.  in  the  morning,  and  104-6°  in  the  evening, 
but  the  patient  said  he  felt  well.  Face  flushed,  eyes  injected,  tongue  coated. 
A  distinct  erythematous  flushing  of  the  back  but  no  definite  rash. 
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22-23.  II.  A  faint  mottling  on  the  back  but  nothing  else  to  note.  Patient 
felt  well.  A  distinct  fall  of  temperature  occurred  to  100°  F.  but  it  gradually 
rose  again. 

24.  II.  Patient  said  he  did  not  feel  so  well.  Temperature  rose  sharply 
to  103-8°  F.  in  the  early  hours  of  the  morning,  and  fell  during  the  day  to 
100-6°  F.,  rising  again  at  night  to  104°. 

Journ.  of  Hyg  xvm  '  ' 
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25.  II.    Teniperatuie  fell  rapidly  to  99"  F.    The  patient  felt  well. 

26.  II.  Teinpeiatiire  rose  to  KM)- 1°  F.,  but  fell  a«^ain  to  subnormal,  rising 
a*>;ain  at  8  p.m.  to  99-2°. 

27.  11.  Temperature  subnormal  and  remained  normal  or  subnormal 
afterwards  until  2.  in.    Patient  allowed  up  on  1.  in. 

Remarks.  The  incubation  period  is  about  five  days.  The  chart  is  perhaps 
the  most  typical  of  the  series.  It  shows  a  distinct  diphasic  variation  with 
maximum  points  of  104°  F.  and  over,  and  a  distinct  remittent  })eriod. 

The  pulse  was  absolutely  characteristic.  It  rose  slightly  with  the  first 
rise  of  temperature  but  thereafter  fell  and  remained  normal  durin<>  the  subse- 
((uent  pyrexia.  The  occurrence  of  a  temperature  of  nearly  105"  F.  with  a 
pulse  rate  of  80  needs  no  further  comment. 

The  extraordinary  absence  of  symptoms  was  most  impressive  and  is  a 
striking  instance  of  a  pathological  process  affecting  the  thermo-regulatory 
system  without  obviously  affecting  any  other. 

Experimental  material.  Although  blood  was  twice  taken  with  a  view  of 
using  it  for  further  experiments,  the  absence  of  volunteers  prevented  us 
making  any  use  of  the  material. 

Subcutaneous  injection  of  2  c.c.  of  undiluted  serum  filtrate  from  Case  10. 
The  blood  was  taken  67  hours  after  the  onset.  Virus  kept  outside  the 
body  22  hours.    Result  positive. 

Case  16,  M'.  IT.,  m.,  25  years.  On  16.  ii.  17,  at  10  a.m.,  this  case  was 
injected  subcutaneously  with  2  c.c.  of  a  "serum  filtrate"  from  Case  10. 
The  blood  was  taken  from  Case  10  on  15.  ii.  at  noon  (67  hours  after  the  onset). 
The  temperature  was  normal  until  23.  ii. 

23.  II.  The  patient  became  ill  with  typical  and  fairly  severe  symptoms. 
Malaise,  bad  headache  and  body  pains  were  present.  He  continued  to  work. 
His  temperature  rose  from  99-3°  F.  in  the  morning  to  1004°  at  10  p.m. 
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24.  II.  Temperature  at  7.30  a.m.  99°  F.  and  at  9  a.m.  100-6°;  it  was  not 
taken  later  that  day.  He  was  still  going  about  his  work  but  felt  very  sick. 
General  pains  were  marked.    There  was  pain  in  the  eyes.    He  had  a  distinct 
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red  mottled  punctiforni  rash  on  the  back,  chest  and  huttocks,  })nt  not  on  the 
legs  and  arms. 

25.11.  Tempciaturt'  rose  (o  \^^2  V.,  but  fell  rapidly  (iiiiin;^  tlie  ni<^ht. 
This  day  he  remained  in  bed  and  felt  very  sick.  Malaise  and  general  pains 
were  severe. 

2().  M.    Maxinium  temperature  99°  F. 

27.  II.  Temperature  was  subnormal.  Jle  felt  better  and  resumed  ordinary 
duties.  No  further  notes  were  taken  but  the  rash  was  visibh;  for  several  days 
and  the  patient  complained  of  tiredness. 

Remarks.  The  incubation  period  was  seven  days.  This  case  was  absolutely 
typical  in  symptoms  and  rash.  The  temperature  variation  is  apparently 
monophasic.  The  pulse  is  not  typical  but  it  should  be  noted  that  this  case 
had  a  tendency  to  a  high  pulse  and  was  of  a  distinctly  nervous  temperament. 

The  blood  from  this  case  injected  into  Case  20  gave  a  douhlful  result. 

Experitnental  material.  Blood  was  taken  on  24.  ii.  (24  hours  after  the 
onset),  and  1-2  c.c.  of  the  serum  and  corpuscles  were  injected  into  Case  20 
on  27.  II. 

15  days  later,  Case  20  became  febrile.  His  illness  was  most  atypical,  and 
cannot  be  considered  definitely  as  dengue,  especially  as  an  attempt  at  further 
passage  failed. 

Subcutaneous  injection  of  1  c.c.  of  serum,  containing  corpuscles,  taken  from 
Case  10  on  the  eighth  day  of  illness  (about  190  hours  after  the  onset). 
The  virus  was  kept  outside  the  body  at  most  a  few  hours.  Result  negative. 

Case  16,  A.  A.,  m.,  ?  age.  On  20.  ii.  17,  blood  was  taken  from  Case  10 
and  allowed  to  clot,  and  1  c.c.  of  the  serum  was  injected  into  this  case  at 
5  p.m.  The  blood  was  taken  eight  days  (190  hours)  after  the  onset  of  Case  10. 
The  virus  was  kept  outside  the  body  at  most  a  few  hours. 

The  chart  was  taken  twice  daily  until  27.  ii.,  and  thereafter  every  four 
hours  until  13.  iii.,  and  showed  nothing  to  indicate  any  reaction  to  the 
injection. 

Remarks.  A  negative  result  was  obtained  with  serum  from  blood  taken 
from  Case  10  about  190  hours  after  the  onset. 


Subcutaneous  injection  of  about  2  c.c.  of  blood  filtrate  from  Case  11.  The 
blood  was  taken  47  hours  after  the  onset.  Virus  kept  outside  the  body 
two  days.    Result  positive. 

Case  17,  A'.  K.,  /.,  28  years.  On  14.  ii.  17,  this  patient  received  about 
2  c.c.  of  a  blood  filtrate  from  Case  11  {q.v.).  This  had  been  prepared  from 
blood  drawn  on  12.  ii.  at  3  p.m.  (47  hours  after  the  onset  of  Case  11). 

We  have  not  a  detailed  history  of  this  case  as  the  circumstances  of  the 
volunteer  did  not  permit  us  to  take  a  chart,  and  when  she  became  ill  it  was 
difficult  to  observe  her  frequently.    The  temperature  was  taken  once  daily 
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until  21.  II.  and  was  always  normal  and  the  pulse  between  76  and  86.  It  was 
iinj)()ssible  to  lix  the  onset  as  the  patient  did  not  say  anythint*  about  feelinti; 
ill  until  we  observed  the  rash,  and  then  the  history  was  not  definite  as  to  dates. 
But  on  26.  II.  we  observed  that  she  had  a  very  distinct  rash,  and  on  taking 
her  temperature  on  the  evening  of  that  day  it  was  found  to  be  100-3°  F., 
with  a  pulse  of  100,  and  the  patient  had  the  typical  appearance  of  a  dengue 
patient  with  pains,  headache,  lassitude,  etc.,  and  showed  a  bright  typical 
rash  on  the  face,  forearms,  chest  and  back  (further  examination  was  not 
made).  The  girl  was  obviously  ill  for  some  days  after  this,  but  refused  to 
go  to  bed  and  was  extremely  anxious  that  her  employers  should  not  know 
that  she  had  dengue,  so  further  investigation  was  not  pressed.  There  was 
no  doubt  that  her  case  was  very  typical,  the  rash  being  one  of  the  best  of 
the  series. 

Remarks.    Typical  moderately  severe  dengue  with  well-marked  rash. 


Subcutaneous  injection  of  2-6  c.c.  of  "washings"  from  Case  11.  The  virus 
was  taken  from  C^ase  1 1  47  hours  after  the  onset,  and  was  kept  outside 
the  body  48  hours. 

Case  18,  J.  F.  H.,  m.,  70  years.  On  14.  ii.  17,  at  3  p.m.,  the  case  was 
injected  subcutaneously  \^'ith  2-6  c.c.  of  "washings"  from  Case  11  (q.i.). 
The  blood  was  drawn  from  Case  11  on  12.  ii.  at  3  p.m.,  47  hours  after  the 
onset.    The  virus  was  kept  outside  the  body  48  hours. 

18.  II.  The  patient  complained  of  severe  headache  and  pain  in  the  chest 
on  the  afternoon  of  this  date,  but  the  temperature  was  normal. 
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19.  II.  At  10  a.m.  the  temperature  was  99-8'^  F.  and  the  pulse  80.  Face 
flushed,  eyes  injected,  tongue  coated.  There  was  severe  headache.  There  was 
no  rash  but  the  back  was  erythematous.  At  6  p.m.  the  temperature^ was 
100-8°  F.  and  the  pulse  74.   The  patient  was  sleepless  at  night. 

20.  II.  Headache  still  severe.  Aspirin  w^as  given.  There  was  no  rash. 
The  temperature  was  lower  during  the  day  (99-6°  F.),  but  at  6  p.m.  it  rose 
to  100°,  falling  at  midnight  to  98-8°.   He  had  a  sleepless  night. 

21.  II.    There  was  nausea,  pain  in  the  chest,   and  headache  requiring 
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aspirin.  'riier«»  was  no  rasli.  In  tlir  niorninji  tlie  temperature  was  99^^  F., 
hut  in  the  cveniuL!;  rose  to  100-1   . 

'2'2.  II.  Headache  better.  He  had  sh'pt  well  during  the  ni^^ht ,  Temperature 
readied  100-8°  F.,  hut  fell  durini;  the  nij^ht.  Pulse  for  the  first  time  rose  some- 
what, riMcliiiiu  S  I  at    lO  |).iii. 

'J.'i.  II.  He  had  still  slight  headache  and  anorexia,  but  felt  better.  Tem- 
perature not  ;d)()\-c  !)!)•!'   K.    There  was  still  no  rash. 

21.  II.  I  Icconiplaincd  of  weakness  and  anorexia.  The  tongue  was  coated. 
Temperature  normal  or  subnormal  on  this  date  and  subsecjuently. 

licnxtrks.  The  incubation  period  was  between  4  and  5  days  (about  4  days 
!  9  liours  to  the  first  definite  pyrexia).  Tliis  is  shorter  than  the  usual  incubation 
period.  The  temperature  variation  was  diphasic  with  high  points  on  19  and 
22.  II. 

The  pulse  was  relatively  slow  throughout  the  pyrexial  period.  Tt  was 
especially  slow  during  the  first  phase  of  the  fever. 


Subcutaneous  injection  of  2-3  c.c.  of  dilute  serum  filtrate  from  Case  11.  The 
blood  was  taken  from  Case  11,  115  hours  after  the  onset,  and  was  kept 
outside  the  body  70  hours.   Result  negative. 

Case  19,  T.  B.,  m.,  55  years.  On  18.  ii.  17,  at  10  a.m.,  Case  19  received 
subcutaneously  2-3  c.c.  of  a  (1  to  1)  diluted  filtrate  from  the  serum  of 
Case  11  (q.v.).  The  blood  was  drawn  from  this  case  on  15.  ii.  at  about  noon, 
about  115  hours  after  the  onset.  The  virus,  if  present,  would  have  been  outside 
the  body  for  70  hours. 

The  temperature  and  pulse  were  taken  twice  daily  for  ten  days,  then 
every  four  hours  for  13  days.  The  temperature  reached  98-8^  F.  on  21.  ii., 
but  thereafter  was  normal  or  subnormal. 

Remarks.  The  late  stage,  at  which  the  blood  was  taken  from  Case  11, 
by  itself  is  enough  to  explain  the  negative  result. 


Subcutaneous  injection  of  1-2  c.c.  of  untreated  blood  from  Case  15,  taken 

24  hours  after  the  onset,  and  kept  outside  the  body  about  72  hours. 

Result  doubtful. 

Case  20,  C.  L.,  m.,  70  years.    On  27.  ii.  17,  at  7  p.m.,  the  case  was  injected 

subcutaneously  with  1-2  c.c.  of  blood  from  Case  15,  taken  on  24.  ii.  (about 

24  hours  after  the  onset).  The  virus  was  kept  outside  the  body  about  72  hours. 

The  temperature  and  pulse  were  taken  tw^ce  daily  for  five  days  and 

then  every  four  hours  for  three  weeks.   There  was  a  rise  to  99-2°  F.  on  5.  in., 

about   six   days   after   the   injection,    but   thereafter   the   temperature   was 

practically  normal.    On  13.  in.  the  temperature  reached  99°,  and  on  14.  in., 

15  days  after  the  injection,  it  rose  to  100-2°,  then  fell  rapidly,  rose  next  day 

to  99-8°,  fell  again,  and  rose  next  day  to  100°,  falling  rapidly  again.    The 

following  day  the  maximum  was  99°,  and  thereafter  the  chart  was  normal 

until  25.  III.,  when  the  patient  was  discharged. 
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Symptoms.  On  (J.  iii.  he  developed  a  mild  attack  of  herpes.  On  7.  in., 
although  the  temperature  was  only  98-8°  F.  at  its  maximum,  there  was  some 
flushing  of  the  face  and  back,  and  slight  coating  of  the  tongue.  After  this 
until  14.  III.  nothing  was  noted.  Examined  on  this  date  the  patient  stated 
that  he  became  shivery  the  previous  evening  at  7  p.m.  He  had  some  slight 
headache,  some  injection  of  the  eyes,  no  coryza  and  slight  cough  without 
expectoration.  On  15.  in.  there  was  an  erythematous  flushing  of  the  back, 
no  rash  and  a  slight  cough.  On  16.  iii.  he  complained  of  nausea  but  otherwise 
remained  w^ell.  On  17.  in.  he  stated  that  he  sweated  every  night.  The  tongue 
was  slightly  coated.   Nothing  else  was  noted  after  this. 

There  was  relative  bradycardia  with  the  pyrexia  on  14,  15  and  16.  in.,  but 
no  absolute  bradycardia. 

Remarks.  The  case  cannot  be  definitely  regarded  as  dengue,  nor  can  it 
be  stated  that  it  was  not. 

In  view  of  the  failure  to  transmit  infection  from  this  case  to  Case  21, 
and  the  atypical  nature  and  long  incubation  period,  it  is  best  to  regard  the 
case  as  douhtful. 

Experimental  material.  Blood,  taken  from  this  case  on  14.  in.,  on  the 
second  (?)  day  of  illness  but  the  fifteenth  after  inoculation,  failed  to  convey 
infection  to  Case  21. 


Subcutaneous  injection  of  2  c.c.  of  untreated  blood  from  Case  20,  taken  on 
the  second  (?)  day  of  illness,  and  kept  outside  the  body  about  48  hours. 
Result  negative. 

Case  21,  H.  McD.,  m.,  42  years.  On  16.  in.  17,  at  4.30  p.m.,  this  patient 
w^as  injected  with  2  c.c.  of  blood  taken  on  14.  in.  from  Case  20.  He  had 
thereafter  no  symptoms  of  dengue  and  no  pyrexia,  although  observed  daily 
for  several  weeks. 

Subcutaneous  injection  of  2  c.c.  of  serum  and  corpuscles  from  a  guinea-pig 
injected  71  days  before  with  blood  from  Case  10,  taken  22  hours  after 
the  onset. 

Case  22,  P.  W.  P.,  w.,  71  years.  The  details  of  this  case  are  found  under 
Part  in.  Animal  Experiments  (bottom  of  p.  233). 
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TWO   INSTANCIES  OK  HUMAN  SERA  SHOWING 
ABNORMAL   ANT]-(  OMPLEMENTARY    POWER. 

By  K.  L.  KKNNAWAY,  M.I).,  I).S(!.,  and  Cai't.  A.  M.  WKHiHT,  N.Z.M.C. 

{Front  the  lilfUid-Suffon  Institute  of  Palhologt/,  Middlesex  Hospital,  and  V.D. 
Sect.,  No.  3  New  Zealand  (ieneral  Hospital.) 

In  the  jj^reat  majority  of  cases  human  sera  which  have  been  heated  at  55-57'^  C. 
for  thirty  minute?,  as  is  the  usual  practice  preparatory  to  the  Wassermann 
test,  exhibit  only  very  slight  anti-complementary  properties.  That  is  to  say, 
complete  haemolysis  of  the  test  corpuscles  (0-5  c.c.  3  per  cent,  suspension  of 
ox  or  sheep  red  cells  sensitised  with  five  doses  of  immune  body  frojn  the 
rabbit)  usually  occurs  when  these  are  added  to  a  mixture  of  the  amount  of 
heated  serum  commonly  employed  (0-025  to  0-05  c.c.  in  0-5  c.c.  sahne)  along 
with  1|  to  2  doses  of  guinea-pig's  complement  previously  incubated  for 
1 J  hours  at  37°  C,  the  dose  of  complement  being  the  amount  which  causes 
complete  lysis  when  incubated  with  sahne  in  the  absence  of  the  human  serum. 
Scattered  references  to  unusually  anti-complementary  sera  occur  in  the 
Hterature,  thus  Thomsen  and  Bjarnhjedinsson  recorded  that  the  sera  of 
lepers  possessed  very  considerable  anti-complementary  action  and  this  has 
been  confirmed  by  Mathis  and  Beaujean  among  others.  But  excluding  special 
treatment  of  sera,  e.g.  prolonged  keeping  as  found  by  Browning  and  Mackenzie 
and  confirmed  by  Zinsser  and  Johnson,  or  heating  at  higher  temperatures, 
pronounced  anti-complementary  action  is  very  rare. 

In  this  paper  we  wish  to  draw  attention  to  two  instances  of  sera  showing 
considerable  anti-complementary  power;  in  neither  of  these  could  any  certain 
explanation  of  this  abnormality  be  found  either  in  the  condition  of  the 
patient  or  in  the  mode  of  treatment  of  the  serum.  These  are  the  only  cases  of 
the  kind  which  we  have  observed  in  the  performance  of  many  thousands  of 
Wassermann  tests.  The  practical  importance  of  this  anti-complementary 
action  is  obvious,  since  such  sera  would  inevitably  be  regarded  as  giving  a 
positive  Wassermann  reaction  if  no  control  test  of  the  serum  alone  were  made. 

The  sera  were  inactivated  as  usual  by  heating  for  half-an-hour  at  56°  C. 
The  serum  control  tubes  contained  0-5  c.c.  saline,  0-05  c.c.  patient's  serum, 
and  amounts  of  complement  as  shown  in  the  tables.  The  antigen  employed 
in  the  Wassermann  tests  was  an  alcoholic  extract  of  human  heart  plus 
cholesterol.  The  phenomenon  was  found  to  be  independent  of  the  species 
of  red  corpuscles  employed,  since  the  examination  of  Case  I  was  carried  out 
with  those  of  the  sheep,  and  that  of  Case  II  with  those  of  the  ox.    The  sera 
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were  preserved  after  the  first  examination  by  freezing  at  from  —  10°  to 
—  20°  ('.  All  the  results  ((uoted  below  are  based  upon  repeated  examinations 
of  which  single  examples  only  are  given  in  the  tables. 

Case  I,    Five  samples  of  this  serum  (A,  B,  C,  D  and  E)  were  examined. 

The  patient  contracted  trench  fever  in  June,  1918;  on  August  Drd  of  that  year  he  received 
a  gun  shot  wound  in  tlie  right  forearm  which  caused  considerable  injury  to  the  flexor 
muscles  and  tendons;  the  wound  was  dirty  when  the  patient  came  under  treatment;  the 
damaged  portions  were  then  excised.  A  week  later  severe  haenionhage  from  the  wound 
occurred  and  1000  c.e.  of  blood  of  Croup  11  was  given  by  transfusion. 

On  November  14th  excision  of  the  scar  and  secondary  suture  were  cariied  out;  sample 
A  was  taken  before  the  anaesthesia,  and  sample  B  twelve  hours  later,  the  temperature 
was  at  this  time  witliin  normal  limits.  After  the  operation  the  arm  became  oedematous 
and  showetl  lymphangitis,  and  five  days  later  the  patient  had  a  febrile  attack,  the  tempera- 
ture rising  to  105°  F.  Sample  C  was  obtained  on  November  29th,  when  the  temperature  had 
been  normal  for  a  week.  Sample  1)  was  taken  on  December  19th,  and  E  at  the  beginning 
of  March.  1919.  The  state  of  the  serum  was  thus  observed  over  a  period  of  four  months. 
The  patient  presented  no  (clinical  evidence  of  syphilis. 

The  estimations  of  the  full  anti-complementary  power  of  the  serum  are 
shown  in  Table  1,  and  the  results  of  the  Wassermann  tests  carried  out  in  the 
ordinary  way  in  Table  II. 

Table  I.     Case  I.     Anti-complementary  Action  of  Serum. 


Date  when 
sample 
taken 

Complement, 
M.H.D. 

No.    of 

1-5 

3 

4-5 

6 

7-5 

f 

10.  xi.  18  ; 

Sample  A    . 
Sample  B    . 

. .     lysis 

none 
none 

trace 
trace 

marked 
distinct 

very 
marked 

very 
marked 

almost 
complete 

almost 
complete 

29.  xi.  18 

Sample  C    . 

»> 

none 

faint  trace 

trace 

very 
marked 

just 
complete 

Complement, 
M.H.D. 

No.    of 

1-3 

2-6 

4 

5-2 

19.  xii.  18 

Sample  D    . 

. .    lysis 

none 

trace 

just 
complete 

complete 

— 

Complement, 
M.H.D 

No.    of 

2 

1.  lii.  19  Sample  E    ...    lysis     complete  —  —  —  — 

Samples  A,   B  and   C         lysis  —  — -  —  — 

mixed  and  kept  frozen     complete 
since   Nov.    1918;    re- 
examined 3.  iii.  19 

(1)  Table  I  shows  that  samples  A,  B  and  C  (Nov.  16th  and  29th)  showed 
almost  identical  anti-complementary  action,  lysis  being  in  each  case  not  quite 
complete  in  the  presence  of  7-5  m.h.d.  of  complement;  the  anaesthetic  adminis- 
tered between  the  withdrawal  of  samples  A  and  B  had  therefore  no  influence 
upon  the  condition.  All  other  sera  tested  with  the  same  batch  of  complement 
showed,  as  is  almost  invariably  the  case,  complete  or  almost  complete  lysis 
with  1-5  or  2  m.h.d.;  the  inhibitory  action  of  the  serum  in  question  must 
therefore  have  been  six  or  seven  times  greater  than  normal. 
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S;mi|)Ii'  I).  lal<(Mi  tliroo  wook.s  aftor  sain|)lc  (!,  showed  just  complote  iysis 
with  I  M.ii.i*.;  the  niit i-c'()Tnj)l(Mnontarv  powci-  h'.\(]  therefore  un(ler<(one 
(liinimit ion,  tliou^h  i(  \\;is  still  (list iiic'tly  ahiionnal.  In  sarnj)k»  E,  taken  two 
iiioiitlis  after  I),  th(»  noniial  condition  was  foiuid  to  be  re-established,  lysis 
biMni;  ('oin|tl('t('  with  '2  m.ii.d.  The  ohsciN'at  ions  show,  therefore,  the  decline 
and  disapjx'aiance  of  the  inhihitoiy  character  of  the  seiiun  in  th<'  conrse  of 
foni'  months.  These  resnlts  obtained  l)\-  one  of  ns  wei<'  practically  (lu[)licated 
by  the  other  vvorkin<i;  iiidepeiidently  at  another  laboratory.  One  other  point 
may  be  mentioned:  after  the  experiments  carried  out  in  November,  1918, 
the  residue  of  the  heated  sam])les  A,  B  and  ('  were  mixed  and  kept  frozen 
at  —  10°  to  —  20°  C.  until  the  followin<^  March,  and  then  tested  in  the  same 
way  as  before;  the  inhibition  of  lysis  was  found  to  have  disappeared  completely 
(Table  T).  This  property  must  therefore  be  due  to  some  quite  unstable  factor, 
since  freezing  is  very  effectual  in  preserving  many  of  the  properties  of  serum. 

(2)  The  results  of  the  Wassermann  tests  carried  out  in  the  usual  manner 
with  these  sera  are  given  in  Table  II;  a  comparison  of  these  with  the  data 
given  in  Table  I  shows  that  the  amounts  of  complement  fixed  in  the  presence 
of  antigen  (Table  II)  are  in  each  of  the  five  tests  practically  identical   with 

Table  II.     Case  I.     Wassermann  Tests. 


Serum  control 

Complement,  No.  of  M.H.D. 

1-5 

3 

4-5 

1-5 

Sample  A          ...       lysis 

none 

trace 

distinct 

faint  trace 

Sample  B           ...           ,, 

none 

trace 

distinct 

faint  trace 

Negative  control  serum   ,, 

almost 
complete 

complete 

— 

complete 

Antigen  control  ...          „ 

distinct 

complete 

— 

— 

Complement,  No.  of  M.H.D. 

1-5 

3 

4-5 

1-5 

Sample  C          ...       lysis 

none 

faint  trace 

trace 

none 

Negative  control  serum    ,, 

complete 

— 

— 

complete 

Antigen  control   ...           „ 

almost 
complete 

complete 

— 

— 

Complement,  No.  of  M.H.D. 

1-5 

3 

4-5 

1-5 

Sample  D          ...       lysis 

faint  trace 

marked 

complete 

faint  trace 

Negative  control  serum    ,, 

complete 

— 

— 

complete 

Antigen  control   ...           ,, 

complete 

— 

— 

— 

Complement,  No.  of  M.H.D. 

2 

4 

— • 

2 

Sample  E          ...      lysis 

complete 

— 

— 

complete 

Negative  control  serum    ,, 

just  complete 

complete 

— 

complete 

Antigen  control   ...           „ 

complete 

— 

— 

— 

those  inhibited  by  the  sera  alone  (Table  I).  For  instance,  sample  C  gave  a 
trace  of  lysis  with  4-5  m.h.d.  of  complement  both  in  the  presence  and  in  the 
absence  of  antigen.  The  Wassermann  reaction  was,  therefore,  negative: 
as  was  mentioned  above,  the  patient  showed  no  cHnical  evidence  of  syphilis. 
The  results  with  the  negative  control  serum  included  in  Table  II  show  that 
sera  such  as  samples  A,  B,  C  and  D  would  inevitably  be  regarded  as  giving 
a  positive  Wassermann  reaction  if  no  control  observations  were  made  with 
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the  serum  alone;  whereas  the  employment  of  proper  serum  controls,  such 
as  are  recorded  in  the  last  column  of  the  table,  causes  the  abnormality  to 
be  at  once  detected. 

The  apparent  positive  Wassermann  reaction  diminished  pari  passu  with 
the  loss  of  anti-complementary  power,  until  in  the  last  sample  (K)  the 
behaviour  of  the  serum  is  seen  to  be  practically  identical  with  that  of  the 
negative  control.  Incidentally  the  results  in  Table  II  show  that  the  adminis- 
tration of  the  anaesthetic  (Nov.  16,  samples  A  and  R)  had  no  influence  upon 
the  strength  of  the  Wassermann  reaction.  This  is  of  interest  in  view  of 
statements  that  an  anaesthetic  may  cause  the  serum  to  react  positively. 

Case  II.  Female,  aged  56.  As  regards  the  clinical  history  of  the  case, 
we  have  been  able  to  learn  no  more  than  that  the  patient  .^howed  "mental 
symptoms."  The  serum  (sample  A,  Table  III)  showed  somewhat  less  inhibitory 
power  than  did  the  first  samples  in  Case  I,  lysis  being  complete  with  5  m.h.d. 

Table  III. 
Case  II.    (1)    Anti-complementary  Action  of  Serum . 

Complement,  No.  of  M.H.D.  2 

Sample  A        ...         lysis         none 
Sample  B        ...  ,,  complete 


Date 
3.  iii.  19 
2.  iv.  19 


3 

Histinct 


5 

complete 


3.  iii.  19 


2.  iv.  19 


(2)    Wassermann  Test. 

Complement,  No.  of  M.H.D.  1-5  3 

Sample  A        ...       lysis  none  none 

Negative  control  serum  ,,  complete  — 

Antigen  control               „  complete  — 

Complement,  No.  of  M.H.D.  2  4 

Sample  B        ...       lysis  none  none 

Negative  control  serum  „  complete  — • 

Antigen  control               „  complete  — 


Serum  control 
4-5  1-5 

none  faint  trace 

—  complete 


6 
none 


complete 
complete 


of  complement.  In  contrast  to  Case  I,  the  Wassermann  reaction  was  found 
to  be  positive,  no  lysis  occurring  in  the  presence  of  antigen  with  4-5  m.h.d., 
whereas  in  the  absence  of  antigen  lysis  would  no  doubt  have  been  almost 
if  not  quite  complete  with  this  amount.  All  other  sera  tested  on  this  occasion 
showed  complete  or  practically  complete  lysis  w4th  2  m.h.d.  The  serum  was 
somewhat  deeply  tinted  with  haemoglobin,  but  we  have  examined  hundreds 
of  such  pera  from  partially  lysed  bloods  without  encountering  any  other 
instances  of  anti-complementary  action. 

A  month  later  a  second  sample  (B),  free  from  haemoglobin,  was  examined. 
In  the  meantime  the  patient  had  received  anti-syphilitic  treatment  ("914" 
and  calomel),  an  injection  having  been  given  a  week  before  the  withdrawal 
of  the  blood.  The  Wassermann  reaction  was  found  to  be  as  strongly  positive 
as  before  (no  lysis  with  6  m.h.d.),  but  the  abnormal  anti-complementary 
power  had  disappeared,  lysis  being  complete  in  the  serum  control  tube  with 

2  M.H.D. 
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Tli(^  second  ciisc  lluis  rcscinhlcs  th(»  first  in  that  tlie  anti-complementary 
nroporty  was  transient  only,  disapjx'arin^^  in  the  course  of  from  one  to  three 
months.  'I'hat  this  fixation  of  coniphMnent  is  indepenfh'nt  of  that  which  is 
the  basis  of  the  W'assermaiin  I'eaction  is  shown  by  the  facts  that  (1)  the 
Wassermann  was  in  Case  I  ne<z;ative  and  in  C/ase  II  positive,  and  (2)  in  ('ase  II 
tli(>  ant  i coniph'mentary  power  disappeared  while  the  Wassermann  remained 
positive.  The  two  cases  do  not  present  any  common  feature  which  would 
su«2;<xest  the  cause  of  the  abnoiinabty  in  ([uestion. 

SUMMARY. 

Two  instances  are  described  of  sera  showing  abnormal  anti-complementary 
power.  The  amount  of  complement  fixed  by  the  serum  was  in  the  one  case 
about  six  times,  in  the  other  about  four  times,  greater  than  is  normal.  Exami- 
nation of  subsequent  specimens  from  the  patients  showed  that  this  inhibitory 
character  was  transient  only.  No  feature  common  to  the  two  cases  was  found 
to  which  the  abnormality  could  be  attributed.  Attention  is  drawn  to  the 
rarity  of  this  condition,  but  it  is  of  practical  importance  in  that  such  sera 
would  be  regarded  as  giving  a  positive  Wassermann  reaction  if  their  behaviour 
in  the  absence  of  antigen  were  not  observed. 
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OBSERVATIONS  ON  THE  OULTTVATION  OF  TYPHOID 

AND    PARATYPHOID    BA(^ILLI    FROM    THE   STOOLS 

WITH    SPECIAL    REFERENCE    TO    THE    BRILLIANT 

GREEN  ENRICHMENT  METHOD. 

By  Captain  J.  W.  McLP^OD,  R.A.M.C.,  8th  Mobile  Laboratory. 

The  question  of  standardising  bacteriological  methods  is  at  present  under 
discussion  and,  although  it  is  most  undesirable  that  any  one  method  should 
be  forced  on  all  bacteriologists,  it  is  certainly  reasonable  that  any  method 
which  has  given  excellent  results  in  the  hands  of  a  number  of  independent 
workers  should  have  a  strong  recommendation. 

Browning,  (Jilmour,  and  McKie  (1913)  described  a  method  for  isolating 
Typhoid  bacilli  from  the  faeces  by  means  of  an  incubation  in  dilute  solutions 
of  Brilliant  Green  prior  to  plating,  and  the  value  of  the  method  has  been 
investigated  in  many  laboratories  in  the  course  of  this  war.  Glynn  and  his 
collaborators  (1917)  summarised  the  pubhshed  work  deahng  wdth  this  subject 
w^hich  had  appeared  up  to  the  date  of  their  report,  and  they  expressed  the 
general  conclusion  that  "the  available  evidence  indicates  that  the  advantage 
of  Brilliant  Green,  certainly  of  Browning's  simplified  technique,  is  not 
sufficiently  estabhshed  to  justify  its  being  recommended  as  an  additional 
routine  method  in  laboratories  where  enterics  are  examined,  especially  having 
regard  to  the  slight  extra  labour  and  cost."  In  as  much  as  the  method  has 
been,  in  my  experience,  one  of  the  most  valuable  modifications  of  bacterio- 
logical technique  which  have  been  introduced  and  since  it  would  seem  to  me 
to  be  a  misfortune  if  the  opinion  expressed  in  the  report  quoted  should 
deter  any  who  are  unfamiliar  with  the  method  from  giving  it  a  trial,  I  have 
not  hesitated  to  publish  the  results  which  follow,  although  the  conclusions 
may  seem  to  some  to  be  already  well  established. 

The  observations  relate  to  the  work  of  a  Mobile  Laboratory  during  the 
last  four  years.  The  opportunities  for  observing  cases  of  infection  of  the 
Typhoid  group  have  been  the  following:  (i)  a  series  of  paratyphoid  infections 
in  the  troops  withdrawn  from  the  Ypres  sector  to  the  area  north  of  Albert 
in  the  summer  of  1915;  (ii)  a  small  epidemic  of  typhoid  amongst  the  civilians 
east  of  Doullens  at  the  same  period;  (iii)  a  small  epidemic  of  paratyphoid 
infection  amongst  the  troops  of  a  division  which  returned  from  Egypt  in  the 
early  part  of  1916;  (iv)  very  occasional  cases  of  typhoid  or  paratyphoid 
infections  occurring  amongst  the  troops  or  civilians  in  the  area  before  and 
behind  Cassell  in  1917  and  1918;  (v)  a  considerable  outbreak  of  typhoid 
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infocfrioiis  anioiijjjst  (^(M'lnaii  cixiliaiis  at    l^iUskiiclicii   in   the  end  of   \\)\H  and 
the  boii;iiiiiiii;j,  of  19 M). 

Tlic  ol)S(M\  at  ions  inadc  in  the  lirst  two  ^^roiips  vvck;  niost.lv  liniit(;d  to 
l)loo(l  culture,  hut  in  a  ('()n.sid('ra])l('  proportion  of  cases  in  tfie  other  j^roups 
a  careful  comparison  hetwooii  the  value  of  direct  plating  and  of  I^rilliant 
(Jrcen  eniichinent  was  made.  In  IIHO  one  tube  only  of  lirilliant  (ireen  was 
used,  a  l/25(),()()()  dilution,  and  the  method  compared  was  that  described  by 
Ledin^hain  and  Arkwri<;ht  (I9J2)  with  the  modification  tfiat  onh'  one,  nr)t 
two  or  three  plates  were  used  for  each  specimen.  In  1917,  1918  and  1919 
l/2r)(),()0()  and  I  /r)( )(),()()()  dilutions  of  the  dye  were  ern})loyed  and  the  comparison 
was  made  with  a  literally  direct  method,  i.e.  the  plate  was  inoculated  with  a  small 
portion  of  faeces  and  spread  immediately.  The  results  of  all  investigations 
up  to  the  end  of  1918  in  which  the  direct  and  Brilliant  Green  methods  were 
compared  are  set  down  in  Table  I.  These  observations  refer  chiefly  to  para- 
typhoid infections  and  it  is  seen  that  out  of  the  16  results  obtained  15  were 

Table  I. 

Result 


Date 

Name 

Brilliant  Green 

Direct 

30-^-16 

Driver  S. 

Paratyphosus  B,  numerous  colonies 

Paratyphosus  B, 
colonies 

scanty 

30-4- 1() 

Pte.  C. 

Paratyphosus  B,  numerous  colonies 

Paratyphosus  B, 
colonies 

scanty 

21-5-16 

Pte.  W. 

Paratyphosus  B,  numerous  colonies 

Paratyphosus  B, 
colonies 

scanty 

30-5-16 

Pte.  Lambert  (1) 

Paratyphosus  A,  nearly  pure  culture 

Negative 

»> 

(2) 

Paratyphosus  A,  one  colony 

Negative 

>> 

(3) 

Paratyphosus  A,  nearly  pure  culture 

Negative 

12-6-16 

Pte.  S. 

Paratyphosus  B,  colonies 

Paratyphosus  B, 

colonies 

;5-7-16 

Pte.  A. 

Paratyphosus  B,  numerous  colonics 

Paratyphosus  B, 
colonies 

scanty 

24-8-16 

Pte.  F. 

(1) 

Paratyphosus  B,  colonies 

Negative 

5? 

(2) 

Paratyphosus  B,  colonies 

Negative 

"15-7-17 

Pte.  S. 

Negative     • 

B.  typhosus 

26-7-17 

Pte.  S. 

Paratyphosus  B 

Negative 

ie-9-17 

Pte.  D. 

Paratyphosus  B,  about  100  colonies 

Paratyphosus  B, 
colonies 

about  2( 

29-11-17 

Rflm.  D. 

Paratyphosus  B 

Negative 

18-7-18 

Civilian 

Paratyphosus  B,  isolated 

Negative 

29-9-18 

Civilian 

B.  typhosus 

Negative 

*  A  tube  of  BrilUant  Green  solution  which  had  been  standing  for  some  time  and  become 
discoloured  was  used  on  this  occasion. 

positive  by  the  Brilliant  Green  method  and  only  7  out  of  16  were  positive  by 
the  direct  method. 

It  w^as  the  case  of  Lambert  (Table  I)  in  this  group  which  brought  out  the 
value  of  the  method  in  the  most  striking  way.  An  investigation  had  been  re- 
quired of  all  possible  carriers  in  this  man's  regiment  on  account  of  a  rather 
severe  outbreak  of  paratyphoid  infection.  After  investigating  without  success 
the  stools  and  urines  of  60  other  men,  I  obtained  an  almost  pure  culture  of 
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Paratyphoid  A  from  the  Brilliant  Ureen  tube  of  this  man's  stool  but  nothinj^ 
except  B.  coli  and  few  colonies  of  coarse  non-lactose  fermenters  from  the 
direct  plate.  The  examination  was  repeated  twice  with  the  results  cited  in 
Table  I  confirming  the  original  finding. 

The  man's  history  was  that  he  had  had  a  sharp  attack  of  diarrhoea  in 
Egypt,  and  had  suliered  from  irregularity  of  the  bowels  ev^er  since.  The 
regimental  epidemic  had  been  a  mixed  one,  ''A"  and  "B"  infections  occurring 
simultaneously,  but  the  latter  predominating.  No  more  cases  of  "A"  infection 
occurred  after  the  detection  of  Lambert.  A  continued  investigation  for  a 
"  B  "  carrier  was  unsuccessful;  the  "  B  "  infections  gradually  died  out,  however, 
and  were  possibly  all  due  to  case  to  case  contact. 

In  view  of  the  above  result  I  find  it  impossible  to  accept  the  opinion 
expressed  by  Glynn  and  his  collaborators,  as  quoted  above.  Extra  trouble 
and  cost  would  have  been  involved  by  omitting  the  use  of  the  Brilliant 
Green  method  in  this  case,  and  at  least  one  month's  fruitless  work  would  have 
had  to  be  carried  out  and  possibly  a  continued  series  of  paratyphoid  ''A" 
infections  would  have  occurred  in  the  regiment. 

The  claim,  however,  originally  made  by  Browning,  Gilmour  and  McKie 
for  the  Brilliant  Green  method  was  not  only  that  it  facilitated  the  isolation 
of  paratyphoid  bacilli  but  that  of  typhoid  bacilli.  Most  of  those  who  from 
their  practical  experience  of  the  method  in  this  war  have  written  in  its  favour, 
only  recommend  it,  however,  in  respect  of  the  isolation  of  the  paratyphoid 
bacilli  (Stokes  and  Clark,  1916;  Fletcher,  1917). 


Table  II. 

Stool 


Urine 


Name 
Sophie  U. 

Gertde.  M.    ... 

Christ.  D.      ... 

Schwester  A. 

Frail  S. 

Jacob  S. 
Heinrich  C.  ... 
Helene  P.     ... 
Frau  S.  (2nd  exp.) 
Frail  K. 
Frail  U. 
Aug.  U. 

Frau  K.  (2nd exp.) 
Baxter,  1st  spec. 
„        2nd  spec. 


f 

Direct 

Abundant 
Paratyph.  B 

Negative 

Approx.  10  col.  of 
B.  coli  to  1  of 
B.  typhosus 

One  or  two  col.  B. 
» typhosus,  B.  coli 
abundant 

Negative 

Negative 
Negative 
B.  typhosus 
Negative 
Negative 
B.  typhosus 
B.  typhosus 
Negative 
Negative 
B.  typhosus 
col.  scanty 


Brilliant  Green 

Abundant 

Paratypli.  B 
Scanty  colonies 

B.  typhosus 

Approx.  1  col.  of 
B,  coli  to  4  of 
B.  typhosus 

Approx.  5  col.  B. 

ti/phosus  to  1  col. 

B.  coli 
A  few  col.   B.  ty-     Negative 

phosus 
Paratyph.  B 
B.  typhosus 
Negative 
B.  typhosus 
B.  typhosus 
B.  typhosus 
B.  typhosus 
B.  typhosus 
B.  typhosus 
B.  typhosus 

col.  numerous 


Direct  BrilUant  Green 

Abundant  Abundant 
Paratyph.  B       Paratyph.  B 

Negative  Negative 


Negative 


Negative 


Negative 
Negative 


Negative 


A  few  col.  B. 
typhosus 

Negative 

Negative 
Negative 


J.  VV.  McLeod  263 

The  occurronco  of  the  civilian  r])i(l(Mnic  already  incntionod  in  the  early 
|)art  of  M)M)  at  KuskircluMi,  a  small  town  in  tlic  l)rili.sh  area  of  occupation 
west  of  the  Rhine,  alTorded  a  ^^ood  opportunity  of  retestinji;  the  value  of 
the  Brilliant  (Ireen  enrichment  method  in  cases  of  infection  with  B.  lyphoaus. 

The  results  obtained  are  given  in  Table  11. 

Ivxcluding  the  two  paratyphoid  infection.^,  there  were  14  specimens  derived 
from  I  I  dilTerent  cases,  l.'i  of  stool  and  one  of  urine,  in  which  a  positive  result 
was  obtained.  In  I.')  of  these  the  result  was  positive  by  the  Brilliant  (jreen 
method,  whereas  in  (i  oidy  by  the  direct  method.  In  my  experience  therefore 
the  original  claim  for  the  efficacy  of  the  method  in  isolating  B.  lyphosus  from 
the  stool  is  fully  vindicated. 

Technique. 

A  few  words  about  the  techni({ue  appear  relevant  since  it  is  probably  the 
source  of  varying  results  amongst  different  w^orkers.  The  dilutions  of  Brilliant 
Green  in  peptone  water  have  been  made  by  adding  with  a  sterile  graduated 
pipette  the  requisite  quantities  of  ^^^^^  solution  of  Brilliant  Green  to  sterile 
tubes  of  peptone  water  each  containing  10  c.c.  Solutions  of  Brilliant  Green 
in  peptone  water  were  not  autoclaved  although  I  have  no  proof  that  this 
has  any  deleterious  effect.  The  original  technique  was  persisted  in  as  it  had 
given  good  results.  The  Brilliant  Green  tubes  were  always  inoculated  copiously, 
much  more  material  being  transplanted  than  could  be  adequately  spread 
directly  on  several  plates. 

The  peptone  water  used  was  capable  of  yielding  a  rapid  and  copious 
growth  of  B.  typhosus,  and  suitable  Brilliant  Green  was  employed.  These  two 
factors  are  important.  If  peptone  water  is  neutralised  by  a  fixed  addition 
of  alkali  and  not  titrated,  it  may  easily  happen  that  in  frequent  moving  a 
laboratory  will  strike  some  water  supply  of  an  unusual  grade  of  alkalinity 
or  acidity,  which  if  used  to  prepare  peptone  water  according  to  formula  will 
yield  a  product  incapable  of  promoting  a  rapid  growth  of  B.  typhosus. 

A  number  of  bottles  of  "  Brilliant  Green  "  crystals  have  been  issued  through 
the  Army  Depots  of  Medical  Supplies  which  have  neither  had  the  crystalline 
appearance  nor  the  antiseptic  properties  of  Brilliant  Green.  An  old  bottle 
of  Grii bier's  preparation  has  been  used  throughout  in  these  investigations, 
and  it  does  not  seem  to  me  that  any  criticism  of  this  method  is  pertinent 
unless  the  work  is  carried  out  with  Griibler's  Brilliant  Green  or  with  a  specimen 
which  has  been  proved  equal  to  it  in  parallel  experiment. 
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THE  BACTERIAL  CONTENT  OF  THE  AIR  IN  ARMY 
SLEEPING  HUTS,  WITH  ESPECIAL  REFERENCE  TO 

THE  MENINGOCOCCUS. 

By  a.  J.  EAGLETON,  M.D. 

(Formerly  Officer  ijc  Laboratory,  Wylye  Area.) 

(With  1  Diagram.) 

The  following  experiments  were  carried  out  in  October  and  November,  1917. 
They  have  not  been  published  hitherto  as  it  was  hoped  that  they  might  be 
extended  and  revised. 

The  onset  of  the  influenza  epidemic,  the  armistice  and  the  resulting  dis- 
persal of  troops  prevented  this,  and  in  so  far  as  some  of  the  conclusions  arrived 
at  seem  of  no  little  importance,  it  has  been  thought  advisable  to  publish  the 
results  of  the  work  done,  incomplete  though  it  is. 

The  first  series  of  experiments  I-VIH  deals  with  the  number  of  organisms 
found  on  plates  exposed  during  the  night  in  men's  sleeping  huts,  Barrack 
Design  230/14.  The  same  hut  was  always  used,  and  the  number  of  men  in  the 
hut  was  always  22. 
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Men's  Sleeping  Hut :  Barrack  Design  230/14. 


This  diagram  shows  the  ground  plan  and  vertical  section  of  the  type  of 
hut  in  which  the  experiments  were  conducted. 
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Tlio  "IxmIs"  used  \V(M('  either  ward  beds  or  plank  trestles,  but  no  appreci- 
able difference  in  the  bacterial  content  of  the  hut  could  be  (h^tected  vvliichever 
type  was  eni])l()yed.  It  will  be  noticed  that  there  was  a  ventilator  in  the  roof 
extending'  the  entire  len<^th  of  t  he  hut  and  that  there  were  six  windows  on  each 
side,  the  u})per  half  of  which  could  be  ojxmkmI.  There  was  no  ^nound  ventilation 
but  the  huts  were  floored  with  planks  and  raised  above  the  grass  on  wooden 
su])ports. 

Experiment  I. 

Plates  exposed  10.30  p.m.,  25.10.17. 

Plates  removed  to  incubator  (J.Oa.m.,  26.10.17. 

Temperature  in  hut:  Maximum  58""  F.,  Minimum  48°  F. 


Plates 

Level 

Colonies 

1,  12 

1  foot  above  ground 

All  plates  showed  in- 

•2, 11 

3 

J,         ?> 

numerable    colonies; 

3,  10 

5 

>>         >» 

no   mould    or   other 

4,9 

6 

J5                    »» 

gross  contamination. 

5,  8 

7 

»>                    )f 

6,  7 

Ground  level 

Experiment  II. 

Plates  exposed  10.30  p.m.,  28.10.17. 

Plates  removed  6.0  a.m.,  29.10.17. 

Temperature  in  hut:  Maximum  56°  F.,  Minimum  44°  F. 


Plates 

Level 

Colonies 

1,2 

8 

feet  above  floor 

All   plates   showed   in- 

3,4 

7-5 

,,        (inverted) 

numerable      colonies ; 

5 

7 

Nos.  5  and  9  were  over- 

6 

6 

grown  with  mould. 

7 

5 

8 

4 

9 

3 

10 

2 

11 

1 

12 

Floor  level 

Experiment  III. 
A  comparison  of  the  effect  of  beds  and  trestles.    The  height  of  the  men's 
heads  above  the  floor  was  2  feet  3  inches  and  1  foot  3  inches  in  the  two  groups. 


Plates 

Level 

2,  6,  12, 

14 

Ground  level 

4 

2    feet 

5 

n  „ 

1 

2i    „ 

13 

3      „ 

9 

3i    „ 

11 

4      „ 

7 

4i    „ 

8 

5      ., 

15 

6      ., 

Colonies 
All  plates  in  both  sets 
showed    innumerable 
colonies;    none    over- 
grown. 


Two  sets  of  plates  used,  one  between  beds  and  the  other 
between  trestles. 


Joum.  of  Hyg.  xvui 
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Experiment  IV. 
An  exact  repetition  of  Exp.  Ill  with  the  same  result. 

Experiments  V  and  VI. 

Two  identical  experiments  to  show  the  number  of  bacteria  in  the  air  in 
spaces  between  beds  and  trestles  at  higher  levels. 
Plates  exposed  19.10.17,  midnight. 
Plates  removed  20.10.17,  6.0  a.m. 
Temperature:  Maximum  58°  F.,  Minimum  40°  F. 


tcs 

Lovol 

Colonies 

5 

7 

feet 

In  both  sets  innumer- 

4 

H 

able     colonies;     none 

1 

6 

overgrown. 

6 

5 

3 

4 

2 

3 

Two  sets  as  in  Experiments  III  and  IV. 

Experiment  VII. 

Plates  placed  as  high  as  possible  in  intervals  between  beds. 

Plates  exposed  10.30  p.m.,  20.10.17. 

Plates  removed  6.0  a.m.,  21.10.17. 

Temperature:  Maximum  50°  F.  (?),  Minimum  49°  F. 

Plates  Level  Colonies 

1,  2,  3,  4  8^  feet  All  plates  showed  in- 

7,  8,  inverted  1\    „  numerable     colonies, 

9,  10  7      „  except  5  and  7  (both 

6,  5,  inverted  6^    „  inverted). 

5,  250  colonies 

7,  360 

Experiment  VIII. 

Same  as  VII,  only  trestles  instead  of  beds. 
Plates  exposed  21.10.17,  midnight. 
Plates  removed  6.0  a.m.,  22.10.17. 
Temperature:  Maximum  56°  F.,  Minimum  48°  F. 
All  plates  showed  innumerable  colonies. 

Experiments  I-VIII  show  therefore  that  in  the  type  of  army  hut  investi- 
gated the  bacterial  content  of  the  air  during  sleeping  hours  is  very  high  and 
that  the  air  throughout  the  hut  is  uniformly  infected. 

Experiment  IX. 

A  larger  type  of  hut  used.   Plates  placed  all  on  ground  level. 
Plates  exposed  10.10.17,  10.0  p.m. 
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Plates  removed   1 1 

.10. 

17,  0.0  a.m. 

'r(Mii"|)oratun»:  Ma.xiiniini  55"  K.,  Aliiiimum 

1 

5°  F. 

Plates 

Position 

Colonies 

2.  :J,  f),  (J 

H(«(w('('n  trestles 

Uncountable 

1 

In  cent  IT  of  room 

48 

4 

>»              »» 

30 

Experiment  X. 
!los[)ital  ward.    Space  between  beds  2  feet.    Plates  placed  between  beds, 
riates  exposed  14.10.17,  9.30  p.m. 
Plates  removed  15.10.17,  4.30  a.m. 
Temperature:  Maximum  54°  F.,  Minimum  43°  F. 


Plates 

Level 

Colonics 

1 

Ground 

152 

2 

»> 

164 

3 

»» 

Overgrown 

4 

»» 

>» 

5 

1    foot 

176 

6 

1      ,, 

Overgrown 

7 

H  feet 

184 

8 

H    ,, 

Overgrown 

9 

2      „ 

166 

10 

2      „ 

Overgrown 

11 

2i    „ 

»» 

12 

2^    ,, 

127 

13 

3      „ 

101 

It  is  seen  that,  although  the  bacterial  content  of  the  air  is  less  than  in  the 
ordinary  army  hut,  still  the  number  of  colonies  obtained  is  very  considerable 
both  at  ground  level  and  at  3  feet. 

Experiment  XL 
Comparison  of  condition  in  a  half  hut,  type  230/14,  when  5  feet  w^as  allowed 
between  each  bed,  the  men  being  carriers  of  meningococcus. 
Plates  exposed  13.10.17,  10.0  p.m. 
Plates  removed  14.10.17,  6.30  a.m. 
Temperature:  Maximum  38°  F.,  Minimum  36°  F. 


Plates 

Level 

Colonics 

10 

Ground 

540 

11 

>> 

496 

12 

j> 

450 

13 

j» 

450 

1 

1    foot 

Overgrown 

2 

1      „ 

546 

3 

H  feet 

304 

4 

H    „ 

?  slightly  overgrown 

6 

2      „ 

308 

6 

2  •    „ 

300 

7 

2i    „ 

300 

8 

2i    „ 

276 

9 

3      ., 

250 

Meningococci  were  present  in  No.  4.    In  all  cases  where  meningococci  are 
stated  to  be  present,  they  were  proved  by  agglutination  to  be  genuine  strains. 
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Ex  peri  m  ent  XI L 

To  show  the  presence  of  meningococci  in  the  air.  Patients  were  all  known 
carriers. 

IMates  exposed  11.10.17,   lU.Op.ni. 

Plates  removed  12.10.17,  6.30  a.m. 

Temperature:  Maximum  53°  F.,  Minimum  47°  F. 

Plates.  Six  exposed  on  ground  level,  in  intervals  between  beds.  All  showed 
innumerable  colonies.  Meningococci  present,  but  only  one  plate  showed 
several  colonies. 

Experiment  XIII. 

More  exact  experiment  on  conveyance  of  meningococcus.  Chronic  carrier 
lying  on  trestle  for  5  minutes,  coughing  periodically.  Plates  arranged  on  the 
ground  at  different  distances  from  his  mouth,  which  was  1  foot  9  inches  above 
the  floor.   The  room  had  been  previously  sprayed  with  formalin  and  the  floor 

scrubbed  and  cresoled. 

Distance  from  .subject 

Plates  in  feet                             Meningococci 

1,2  6                                     overgrown 

3, 4  7 

5, 6  8 

7. 8  9 

9,  10  10                                     negative 

11,  12  11 

13,  14  12                                     overgrown 

15,  16  13                                     positive 

17,  18  14                                     overgrown 

Experiment  XIV. 
Chronic  carrier  sleeping  with  face  towards  plates.    Plates  all  on  ground 
level.    Same  preparation  of  room  as  in  Experiment  XIII. 
Plates  exposed  12.10.17,  10.0  p.m. 
Plates  removed  13.10.17,  6.30  a.m. 


Plates 

Distance  in  feet 

Meningococci 

Colonies 

1 

3 

?  not  proven 

Uncountable 

2 

3 

+ 

320 

3 

5 

+ 

276 

4 

5 

+ 

360 

5 

6 

overgrown 

6 

6 

>• 

7 

7 

,, 

8 

7 

- 

372 

9 

8 

— 

288 

10 

8 

— 

204 

11 

9 

— 

172 

12 

9 

— 

190 

13 

10 

overgrown 

14 

10 

»» 

15 

11 

- 

160 

16 

11 

— 

140 

17 

12 

overgrown 

18 

12 

_ 

146 
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Experiment  X  V. 

I^].\iicl   repetition  of   i<].\ jx'iiineiit   XIV. 

riiites  (vxposed  1>. 10.17,   10.0  p.m. 

Plates  iviiioved   1 0.1 0.17,  ().;iO  a.m. 

Plates  I ,  :\  and  1  showed  meningococci,  i.e.  at  distances  of  'i  and  5  feet. 

Experiment  XVI. 

Same  as  preceding.    Plates  at  different  distances  and  levels  from  face  of 
carrier. 

Plates  exposed  15.10.17,  10.0  p.m. 
Plates  removed  16.10.17,  6.30  a.m. 
Temperature:  Maximum  53°  F.,  Minimum  50°  F. 


Pktes 

Level 

Colonies     M 

eningi 

7  (I  foot  from  subject) 

2i 

feet 

45 

+ 

20 

4 

40 

- 

13 

5 

overgrown 

3 

n 

w 

11 

3^ 

44 

+ 

6  (2  feet  from  subject) 

6 

overgrown 

2 

1 

30 

- 

15 

5* 

38 

+ 

8 

3 

46 

+ 

4  (3  feet  from  subject) 

5 

overgrown 

18 

Sh 

54 

+ 

14 

3 

overgrown 

12 

5i 

>f 

17 

n 

smashed 

16  (4  feet  from  subject) 

2i 

overgrown 

5 

^ 

»» 

1 

2 

150 

+ 

19  (5  feet  from  subject) 

4 

60 

- 

9 

4^ 

overgrown 

21 

2 

56 

- 

22 

1 

56 

- 

10 

• 

6 

overgrown 

SUMMARY. 

Experiments  I- VI II.  _ 

I  shows  that  under  the  conditions  shown  the  plates  were  covered  with 
innumerable  colonies  7  feet  above  ground  level  to  ground  level.  The  beds 
and  trestles  were  used  to  keep  the  hut  always  uniform. 

II  shows  that  8  feet  above  ground,  i.e.  on  top  of  the  crossbeams,  the  same 
conditions  obtain. 

Ill,  IV,  V,  and  VI  show  that  the  same  condition  exists  in  the  area  between 
the  beds  or  trestles.   The  beds  make  no  difference,  better  or  worse. 
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VII  shows  practically  the  same  condition  lii^h  up  on  the  beam  between 
the  beds.  The  inverted  plates  naturally  show  less  colonies,  as  the  organisms 
mostly  fall  on  to  the  plates. 

VIII  confirms  the  above. 

There  is  only  one  conclusion  to  draw  from  these  experiments,  and  that  is 
that  practically  speaking  there  is  no  difference  in  the  number  of  organisms 
on  the  ground  floor  and  8  feet  above  it,  in  the  ordinary  men's  sleeping  huts, 
Barrack  Design  230/14. 

Ex'penwenls  IX-XII  are  shown  for  comparative  reasons. 

IX  shows  a  better  condition  in  a  broader  hut,  although  more  men  were 
sleeping  in  it. 

X  shows  the  superiority  of  the  ward  buildings.  The  beds  were  only  2  feet 
apart  and  chosen  specially  to  show  effect  of  overcrowding. 

XI  shows  effect  of  bed  space  and  low  temperature.  It  also  shows  possi- 
bihty  of  transfer  of  meningococci.  The  meningococci  were  proved  by  agglu- 
tination tests. 

XII  was  a  control  on  XI.  The  effect  of  the  higher  temperature  is  seen, 
also  possibihty  of  spread  of  meningococci. 

Experiments  XIII-XVI. 

These  are  more  exact  experiments  on  distance  to  which  meningococci 
can  be  carried.   "Spraying  capacity  of  patient." 

XIII.  By  coughing  it  was  carried  13  feet.  Several  like  experiments  were 
done,  but  owing  to  overgrowth  by  subtilis,  etc.,  this  was  the  only  one  where 
the  organism  could  be  proved  by  agglutination.  Others  showed  suggestive 
colonies  but  they  could  not  be  isolated. 

XIV.  This  showed  that  in  ordinary  sleep  a  carrier  can  spray  to  a  distance 
of  5  feet. 

XV  confirms  above,  and  from  these  two  and  several  other  negative  experi- 
ments it  seems  justifiable  to  conclude  that  the  "spraying  capacity"  of  a 
carrier  during  ordinary  sleep  is  5  feet  along  the  level  or  just  below  it. 

XVI  shows  that  meningococci  are  carried  during  sleep: 

1  foot  at  a  height  of  2  ft  6  in. 
•*■»»>>  *-'  jj  ^'  jj 

^  f)  JJ  «^     >5      "       )) 

2  ,,  ,,  o  ,, 

•J  J>  5?  <J     5>      '^       n 

4  2       — 

5  ,,     nothing  above  ground  level 

so  that  we  may  say  that  in  ordinary  sleep  the  organism  is  not  carried  more 
than  5  feet,  but  in  violent  coughing  it  may  be  carried  three  times  this 
distance. 
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The  conclusions  to  bo  drawn  from  the  above  experiments,  h'mited  as  they 
a!(\  seem  to  be  the  foMowin^^: 

(1)  ill  I  lie  ordinary  inrantry  slee})iii<^'  liut,  tlicre  is  a  stagnant  well  of  in- 
fected ail-  ill  which  the  men  sh>ep. 

(2)  This  (h'ad  space  extends  uj>  t o  (S  feet  above  the  ground  level. 

(:i)  The  wider  the  hut  and  the  lower  the  temperature,  the  better  the  con- 
dition of  the  air. 

(4)  More  athMjuate  ventihitioii  is  necMh'd;  probably  this  could  be  obtained 
by  ground  ventilation. 

(5)  The  meningococcus  can  be  carried  at  night  from  a  carrier  to  his 
neighbours  unless  the  bed  space  is  more  than  5  feet. 

(6)  The  spraying  capacity  of  a  carrier  varies  between  5  and  15  feet,  but 
is  5  feet  during  ordinary  sleep. 

(7)  The  meningococcus  is  carried  in  the  spray  to  a  much  shorter  distance 
than  many  other  organisms. 

In  conclusion,  I  have  the  pleasant  task  of  thanking  those  who  have  helped 
me  to  carry  out  this  piece  of  work.  Colonel  Morse,  R.A.M.C.,  arranged  for 
the  use  of  the  hut  and  the  discipline  of  the  subjects.  Capt.  Welsford,  Senior 
Sanitary  Officer,  interested  himself  in  the  work  and  obtained  for  me  the  ser- 
vices of  Lt.  Hasnip  who  provided  the  diagrams  of  the  huts.  Finally,  Colonel 
Mervyn  Gordon  criticised  the  earlier  experiments  and  supplied  suggestions 
for  new  work,  which  unfortunately  I  was  unable  to  carry  out. 
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I.    INTRODITCTION. 

This  investigation  concerns  an  epidemic  disease,  which  for  convenience  we 
have  called  "  X  disease, "  prevalent  in  certain  parts  of  New  South  Wales 
during  the  late  summer  of  the  years  1917  and  1918. 

The  disease  was  at  first  thought  to  be  "  acute  poliomyelitis  " — the  Heine- 
Medin  disease.  Increased  observation,  however,  revealed  important  discre- 
pancies; thus  (1)  it  was  confined  to  "outback"  towns  or  districts  remote  from 
one  another  and  from  the  metropolis  (Sydney),  and  did  not  synchronise  with 
any  metropolitan  epidemic  of  "acute  poUomyelitis " ;  (2)  it  was  extremely 
fatal  (we  have  notes  of  134  cases,  of  which  no  less  than  94  died) ;  (3)  it  attacked 
a  number  of  adults  (34  cases);  (4)  signs  of  intense  cerebro-spinal  irritation 
(convulsions,  rigidity,  increased  reflex  activity,  mental  confusion  and  pyrexia) 
dominated  the  clinical  picture,  paralysis,  intercurrent  or  residual,  being  in- 
frequent; and  (5)  the  histological  picture  differed  from  that  of  "acute  polio- 
myelitis," inasmuch  as  the  changes  were  distributed  throughout  the  central 
nervous  system  and  did  not  fall  with  special  intensity  on  the  spinal  cord. 

Impressed  by  the  peculiar  features  of  the  disease,  we  set  in  train  the  series 
of  experiments  herein  recorded.  The  list  comprises  62  experiments  on  monkeys, 
52  on  sheep,  four  on  calves,  one  on  a  horse,  and  sundry  experiments  on  dogs, 
kittens,  rabbits,  guinea-pigs  and  a  fowl.  Hence  the  research  has  been  extensive. 
We  may  also  say  now  that,  while  various  side  issues  have  been  followed  up 
with  interesting  results,  the  finding  of  chief  importance  is  that  the  disease  is 
communicable  not  only  to  the  monkey,  but  to  the  sheep,  the  horse  and  the 
calf,  that  is,  to  animals  which,  so  far  as  we  are  aware,  have  hitherto  proved 
resistent  to  "acute  poliomyelitis" — which  is  an  additional  discrepancy. 

II.    INOCULATION,  MATERIALS  AND  METHODS. 

The  usual  procedure  in  obtaining  and  maintaining  the  virus  for  inoculation 
purposes  was  the  following: 

At  the  autopsy  of  the  human  being  or  animal  dead  from  the  disease,  thin 
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slices  of  tissue  were  talvcii  fiom  I  lie  fioiital,  parietal,  ()eei[)ital  and  teinporo- 
sphenoidal  n^iiions  of  the  (■crchniin,  lioin  the  eer(d)(illiini,  from  tlie  pons  and 
medulla,  and  fiom  (lie  cervicaK  dorsal  and  lund)er  arenas  of  the  s})inal  cord. 
These  were  liicn  st rai<:;ht way  put  into  li.'i  jx'i'  cent.  <rlycerine  diluted  either 
with  water,  or  in  the  earlier  eases  with  noiinal  salin(^  solution,  in  which  they 
were  kept  in  an  ice  chest  until  wanted:  or  t\u\  iruiterial  was  at  once  emulsified 
wit  h  sterile  |K)W(lere(l  (piaitz  in  a  nunlar  wit  h  the  dihumt,  and  stored  similaily 
after  a  proper  milky  emulsion  had  been  made.  To  preserve  material  from  one 
or  two  of  the  earlier  human  cases  the  stren<^th  of  the  glycerine  solution  was 
50  per  cent.  In  some  cases  the  emulsion  was  made  with  normal  saline  solution 
only  when  it  was  proposed  immediately  to  inoculate  a  test  animal.  When  small 
blocks  of  tissue  had  been  preserved  in  <j^lycerine,  they  were  emulsified  in  a 
mortar  just  before  inoculation.  Pasteur-Chamberland  F.  and  Berkefeld  filtrates 
of  this  primary  emulsion  of  the  brain  or  spinal  cord  were  sometimes  used, 
whilst  in  other  cases,  after  light  centrifuging,  the  supernatant  fluid  was  treated 
with  various  sera. 

Other  materials  used  for  inoculation  comprised  swabbings  from  the  naso- 
pharynx emulsified  in  33  per  cent,  glycerine  solution,  a  Pasteur-Chamberland 
F.  filtrate  of  faeces  from  a  human  case,  and  an  emulsion  of  fowl  ticks. 

Nearly  all  the  inoculations  were  made  intracerebrally.  The  usual  procedure 
was  to  tie  the  animal  out  on  a  frame  and  to  anaesthetise  it,  first  with  chloroform 
and  then  with  ether;  in  some  cases  chloroform  alone  was  used.  After  cleaning 
the  scalp  and  removing  the  hair,  a  small  lineal  incision  was  made  in  the  parietal 
area  down  to  the  bone.  Then  by  means  of  a  small  trephine,  a  puncture  was 
made  through  the  skull  by  means  of  the  pin  in  the  centre  of  the  trephine, 
the  teeth  of  the  trephine  keeping  the  pin  in  position.  It  was  found  better  to 
use  a  trephine  than  an  aw]  or  other  instrument.  As  a  rule  the  time  w^hen  the 
pin  of  the  trephine  had  pierced  the  cranial  vault  could  be  easily  estimated  by 
the  teeth  of  the  trephine  beginning  to  give.  Occasionally,  when  a  little  undue 
force  w^as  used,  the  disc  of  bone  loosened  by  the  trephine  became  somewhat 
depressed.  In  one  or  two  of  the  earlier  cases  the  trephine  tablet  was  removed. 
This  was  apt  to  lead,  when  the  disease  developed,  to  a  hernia  cerebri.  The 
puncture  having  been  made  and  by  means  of  a  surgical  needle  proved  to  be 
through  the  bone,  a  moderate  sized  needle  of  a  large  5  c.c.  syringe  w^as  inserted 
deeply  into  the  cerebral  substance,  and  about  1  c.c.  of  the  emulsion  injected. 
At  one  time  the  injection  was  made  with  some  force,  and  the  needle  end  was 
moved  in  various  directions,  with  the  deliberate  object  of  destroying  a 
certain  amount  of  brain  tissue  in  the  neighbourhood  of  the  injection  and 
so  faciUtating  the  "taking"  of  the  virus.  It  frequently  happened  that  on 
withdrawing  the  syringe  fluid  escaped  along  the  needle  track  but  in 
several  cases  wherein  this  occurred  the  animals  nevertheless  contracted  the 
disease. 

The  animals  appeared  to  recover  perfectly  from  the  operation,  usually 
within  a  few  hours,  and  next  day,  with  few  exceptions,  showed  no  results  of 


-70  Acute  Knn'jthalo-nujelitw 

the  operative  treatment,  in  spite  of  the  fact  that  definite  injury  must  have 
been  done  to  the  brain. 

In  some  of  the  earher  cases  not  only  was  the  emulsion  injected  into  the 
brain  substance,  but  a  certain  amount  was  injected  subdurally  as  well. 

Intraperitoneal  and  intrasciatic  inoculations  were  made  in  the  usual  way. 
In  two  cases  lumbar  puncture  was  performed,  once  in  a  monkey  and  once  in 
a  sheep,  and  a  few  c.c.  of  normal  serum  were  injected  into  the  spinal  canal. 
Then  an  incision  was  made  in  the  thigh  or  neck  of  the  animal  and  about  0-5  c.c. 
of  the  emulsion  was  injected  intravenously.  No  results  followed  from  any  of 
these  inoculations.  In  the  case  of  the  intravenous  introductions,  the  failure 
was  possibly  due  to  the  small  amount  of  virus  employed. 

III.    DETAILS  A8  TO  THE  VIRUSES  EMPLOYED. 

1.  Estimated  daij  of  illness  when  the  virus  was  obtained.  This  varied  from 
one  to  eight  days;  in  most  cases  it  was  obtained  on  the  third  to  the  fifth  day. 
In  the  three  human  cases,  the  patient  had  died  on  the  third,  second  and  fifth 
days  of  the  disease  respectively. 

2.  Hours  after  death  when  the  virus  tvas  removed  from  the  body.  With  the 
exception  of  the  cases  in  which  the  virus  was  obtained  from  human  beings, 
the  post-mortem  examinations  were  made  immediately  after  death  or  within 
a  few  hours.  The  three  human  cases  had  been  dead  5,  12  and  21  hours  res- 
pectively. 

3.  Period  during  ivhich  the  virus  was  preserved  in  vitro.  In  a  number  of  the 
animal  experiments  this  was  only  a  few  hours.  The  longest  periods  during 
which  it  was  preserved  in  glycerine  and  retained  its  activity  were  seven  days 
in  one  human  case  and  fifteen  days  in  a  monkey  case. 

4.  Menstruum  in  which  the  virus  ivas  preserved.  When  the  virus  was  im- 
mediately injected  into  a  further  test  animal,  it  was  usually  suspended  in 
normal  saline  solution.  In  most  of  the  other  cases  it  was  preserved  in  33  per 
cent,  glycerine  solution,  the  dilution  of  the  glycerine  being  sometimes  with 
normal  saline  solution,  sometimes  w^ith  sterile  water.  The  percentage  of 
glycerine  was  usually  33,  but  in  one  instance  it  was  50. 

IV.    THE   DISEASE  AS  MANIFESTED  IN  MONKEYS  {MACACUS  RHESUS). 

Twenty  monkeys  altogether  were  successfully  inoculated  with  the  virus 
as  proved  by  full  histological  examination  after  death.  Details  of  the  individual 
animals  will  be  found  in  the  Appendices. 

1.  The  incubation  period.  This  varied  from  5  to  23  days,  the  average  of 
the  20  cases  being  10-25  days,  or  eliminating  the  very  long  incubation  period 
of  23  days,  9-5  days.  In  only  one  instance  was  the  incubation  period  as  long 
as  23  days;  in  one  it  was  17  days;  in  one,  15  days;  in  two,  12  days;  in  three, 
11  days;  in  three,  10  days;  in  two,  9  days;  in  one,  8  days;  in  three,  7  days; 
in  one,  6  days;  and  in  two,  5  days. 
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-.  LcHijlli  of  iUru'ss.  This  vnriod  Irom  2.1  loll  days,  in  iiio.st  instances 
the  animals  unc  killed  in  crlrcntis.  In  several  instances  it;  is  possibles,  more 
es})e('iall\  m  tfie  case  of  A.  I  l(>,  .Monkey  .'5925,  that  tlie  animal  mi^^ht  have  sur- 
vived a  considerably  lon<i;er  period,  oi  liavn  rocovered.  In  the  majority  of  cases, 
however,  t  lie  a  in  ma  I  had  I'c^ached  an  almost  mo  li  bund  state  in  I  lom  .'>  to  (J  days. 

.'i.  The  (jcneral  course  of  I  he  i/isedse.  In  half,  at  least,  of  tfje  affected 
moid<eys,  the  first  si«^n  of  the  onset  of  the  disease  was  a  peculiar  anxious  facial 
exprevssion.  This  si<i;n  nii«i;lit  precede  by  a  day  other  manifestations,  or  mi<iht 
be  accompanied  by  evidences  of  incocirdinatioji  and  })y  exa<i;f!;erated  or  irref{ular 
muscular  movements  and  increased  reflex  action.  In  most  instanc(;s  there  was 
a  gradual  progression  of  this  incoordination  and  exaggerated  muscular  move- 
ment, sometimes  accompanied  by  convulsive  muscular  contortions,  and  oc- 
casionally by  true  convulsions,  until  eventually  the  animal  lay  prostrate  on 
the  bottom  of  the  cage.  In  some  instances  paresis  of  a  limb,  accompanied  by 
incoordination,  was  a  recognisable  and  early  manifestation,  and  in  one  case 
prostration  was  the  first  indication  of  a  "take."  In  some  cases  consciousness 
was  apparently  not  lost  until  just  before  the  animal  was  killed  or  died.  The 
dominant  features  of  the  disease  were  exaggerated  muscular  movements  and 
intense  incoordination,  though  a  few  individual  monkeys  were  quieter,  and 
showed  less  incoordination,  and  more  paresis. 

4.  The  symptoms  and  signs  manifested  on  the  first  day  of  illness.  In  ten 
of  the  twenty  monkeys  an  anxious  or  frightened  expression  was  easily 
recognisable  on  the  first  day  of  illness,  and  as  already  indicated  was  frequently 
the  first  intimation  that  the  virus  had  "taken."  In  eight  cases  the  monkeys 
were  described  as  being  nervous  or  jumpy,  or  as  walking  gingerly;  in  eight 
also  there  was  definite  incoordination  of  muscular  movement.  These  two 
classes  comprised  fourteen  of  the  twenty  monkeys.  Some  spasticity  of  the 
hmbs  was  noticed  in  one  monkey,  and  convulsions  were  recorded  in  one.  In 
six  monkeys  there  was  definite  paresis  of  a  limb,  and  in  one  the  animal  was 
found  prostrate. 

Regrouping  the  above  signs,  it  will  be  found  that  on  the  first  day  of  illness 
fifteen  of  the  twenty  monkeys  show^ed  exaggerated  movements,  incoordination, 
spasticity,  or  convulsions,  whilst  only  seven  showed  paresis  and  none  paralysis. 

5.  Later  manifestations.  The  most  note- worthy  feature  of  these  cases,  seen 
in  nineteen  of  the  twenty  monkeys,  was  an  incoordination  of  movement  of  a 
form  apparently  due  more  to  exaggeration  of  muscular  efforts  in  attempts  to 
balance  than  to  paresis.  In  twelve  of  the  animals,  including  eleven  of  the  above, 
there  were  greatly  exaggerated  movements  of  Hmbs,  and  in  three,  including 
two  of  these  twelve  and  one  of  the  nineteen,  definite  convulsions.  Thus,  nine- 
teen monkeys  showed  incoordination  and  thirteen  exaggerated  movements 
or  convulsions,  the  whole  twenty  animals  being  included  in  these  two  categories. 

The  incoordination  presented  itself  as  inability  to  maintain  the  balance 
easily,  and  difficulty  in  quickly  adjusting  the  limbs  and  hands  to  the  various 
movements  attempted.  The  exaggerated  muscular  movements  were  especially 
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noticeable  when  the  animal  attempted  to  jump,  and  became  much  more  pro- 
nounced when  it  was  disturbed  and  excited.  Thus,  in  jumpin<(  on  to  a  perch 
in  the  cage,  the  animal  mi«;lit  miss  the  perch  and  pass  below,  or  pass  above 
and  hit  its  head  against  the  roof  of  the  cage,  or  lose  its  hold  and  tumble  oft". 
In  other  cases,  especially  when  disturbed,  the  aniinal  would  career  wildly 
round  the  cage,  dash  its  head  against  the  sides,  and  apparently  be  unable  to 
control  the  propulsive  movements  which  it  had  initiated.  Frequent  bruising 
and  injury,  especially  of  the  head,  occurred  under  these  circumstances.  Often 
these  movements  were  almost  convulsive  in  character. 

Definite  convulsions  occurred  in  three  monkeys,  and  were  merely  a  supreme 
exaggeration  of  the  muscular  movements  already  described.  They  were  un- 
accompanied by  a  definite  loss  of  consciousness.  The  animal  during  the  attack 
would  lie  partly  prostrate,  or  seized  by  violent  contortions  would  rotate  on 
the  bottom  of  the  cage,  or  possibly  attempt  to  steady  itself  by  efforts  at  grasp- 
ing the  bars.  Such  attacks  sometimes  lasted  several  minutes,  and  left  the 
animal  exhausted. 

Irregular  muscular  contractions  and  twitches,  apart  from  more  purposive 
movements  of  limbs,  were  noticed  in  two  animals.  A  general  tremor,  or  a 
tremor  of  limbs  or  of  the  head,  occurred  in  two  cases,  the  movements  in  one 
resembling  those  of  paralysis  agitans.  Some  spasticity  or  rigidity  of  the  limbs 
occurred  in  three  and  head  retraction  in  five  cases.  Five  of  the  animals  uttered 
staccato  or  barking  cries. 

Paresis  or  paralysis  was  noted  in  fourteen  of  the  twenty  monkeys.  In 
three  there  was  slight  paresis  of  a  limb,  in  five  there  was  marked  paresis,  and 
in  six  there  appeared  to  be  paralysis  of  a  hmb  or  other  part.  Two  animals 
showed  squint.  In  three  there  was  ptosis,  marked  in  two  cases.  The  eyesight 
may  possibly  have  been  affected  in  one  monkey.  Three  monkeys  were  drowsy, 
somnolent,  or  intensely  sleepy. 

Terminal  prostration  was  manifested  in  nearly  all  the  animals,  varying 
from  a  slight  degree,  wherein  there  was  inability  to  rise,  with  some  remaining 
power  of  movement  in  a  limb  or  limbs,  to  a  condition  so  complete  that 
perhaps  an  inteUigent  look  in  the  eyes  and  slight  movements  of  the  tail  tip  or 
of  a  hand  or  foot  were  the  only  recognisable  indications  of  hfe. 

The  temperature  was  frequently  subnormal  towards  the  end,  sometimes 
markedly  so,  and  in  one  case  fell  to  29°  C. 

V.    THE  DISEASE  AS  MANIFESTED  IN  SHEEP. 

1.  Incubation  period  and  general  course.  Thirteen  successful  inoculations 
confirmed  by  full  histological  examination  were  obtained  in  sheep.  In  ten  of 
these  the  virus  came  from  monkeys,  and  in  the  remaining  three  from  previously 
inoculated  sheep.  As  a  converse  to  the  conveyance  of  the  disease  from  the 
monkey  to  sheep,  the  virus  was  conveyed  from  a  sheep  (A.  65,  Sh.  3855)  to  a 
monkey  (A.  66,  Monkey  3860),  and  from  this  monkey  to  a  series  of  these  animals. 
All  the  inoculations  were  intracerebral  under  an  anaesthetic,  and  the  virus 
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had  hri^n  suspcMidcMl  <'illi<'r  in  .').'>  jxm-  cciil.  LilNcriinc  or  in  noiiiial  Siiliiic  solu- 
tion. Also  ( lie  iiiociilat  ions  wric  all  made  w  if  Inn  1  wo  da ys  of  llKMleath  of  the 
prcvioiislv  iidVctcd  host,  .\ftrr  an  ni(id)ation  pciiod  of  throo,  to  twelve  days 
the  first  symptoms  of  illness  were  noticed.  The  duialion  of  t  In-  illness  until  the 
ainnial  died,  or  was  in  c.rlrcnns-.iwi]  killed.  laniied  fioin  one  to  five  (orseven)  days, 
■except  in  one  case  which  (lie(|  thirty  days  after  symptoms  were  first  noticed. 
'Hie  earlv  symptoms  weic  sojnewhat  va^ue,  as  might  be  expected  in  an 
animal  sh()win<j;  smdi  low  mental  development.  Han^nn<,r  of  the  head  and 
disinclination  to  feed  were  taken  as  suspicious;  usually  there  were  cpiiverings 
of  the  lips  and  ears,  and  sometimes  champin'r  of  the  jaws,  suggestive  of  cud- 
chewing;  occasionally  there  was  dribbling  from  the  mouth,  or  a  mucous 
discharge  from  the  nose.  Later  some  retraction  of  the  head  usually  appeared, 
whilst  the  animal,  still  able  to  stand  and  walk,  tended  to  circle  to  one  side. 

The  final  stage  was  sometimes  rapid-  in  one  case  lasting  an  hour— and 
was  frequently  characterised  by  convulsions  and  great  respiratory  irregulari- 
ties. Occasionally  convulsive  seizures  occurred  earlier  in  the  disease,  and  the 
animal  temporarily  recovered;  indeed,  some  sheep  recovered  permanently. 

The  following  notes  of  a  case,  where  death  took  place  soon  after  the  con- 
vulsions first  occurred,  exempHfy  the  early  symptoms: 

In  the  morning  it  was  moving  about  and  eating  a  little.  In  the  afternoon 
it  was  seen  in  the  paddock  turning  slowly  in  a  circle,  with  its  head  down  as  if 
trying  to  reach  the  grass.  After  making  several  revolutions  it  fell  on  its  side 
and  began  nibbling,  not  grass  but  a  small  native  plant  (Pimelea)  of  unattractive 
appearance.  Shortly  afterwards  its  head  became  retracted  and  there  were 
slight  convulsive  movements,  whilst  the  lips  and  nostrils  were  trembling  and 
moving  irregularly.  It  was  breathing  quickly  and  there  were  occasional  to 
and  fro  movements  of  the  forehmbs,  less  so  of  the  hind  limbs.  Later  the  head 
became  markedly  retracted,  and  the  limbs  rather  rigid  and  partly  convulsed. 
The  segments  of  the  hoof  of  one  of  the  front  feet  were  sometimes  widely  se- 
parated.  The  animal  seemed  to  be  unconscious.  More  definite  convulsive 
movements  occurred  occasionally.  At  the  end  of  one  of  these,  respirations 
became  highly  irregular  and  then  ceased,  and  the  animal  died  an  hour  after 
it  had  been  noticed  circling  round. 

2.  Analysis  of  the  symptoms  and  signs  met  with  in  the  sheep.  The  following 
summary  deals  only  with  the  thirteen  sheep  in  which  histological  examination 
proved  the  presence  of  "Z  disease."  Those  that  show^ed  sHght  symptoms, 
apparently  of  "Z  disease,"  and  recovered,  are  not  included. 

Convulsive  movements  or  fits,  sometimes  intense,  occurred  in  eleven  of 
the  thirteen  sheep.  During  these  attacks  the  head  was  thrown  back,  the  limbs 
were  moved  convulsively  and  sometimes  pawned  the  air,  and  fine  twitchings 
occurred  in  the  lips,  nostrils,  and  ears.  In  five  cases,  before  the  development  of 
more  untoward  symptoms,  the  sheep  tended  to  walk  in  a  circle.  Quivering 
or  fine  tremors  of  the  lips,  ears,  nostrils,  etc.,  sometimes  extending  to  the  whole 
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boclv,  (Hciiried  in  nine  cases,  and  were  frequently  seen,  apart  from  attendant 
convulsions.  Under  similar  circumstances,  champing  movements  of  the  jaws 
were  noticed  in  two  cases,  and  grinding  of  the  teeth  in  another.  Stiff  neck  or 
retraction  of  the  head  was  noticed  during  the  course  of  the  illness  in  six  cases. 
In  two,  the  legs  were  rigid  or  there  was  a  stiff,  jerky  gait.  Protrusion  of  the 
tongue  occurred  in  one  animal,  "staggers"  in  one,  and  restlessness  in  one. 
One  animal  was  noted  as  being  drowsy.  In  most  cases  terminal  unconscious- 
ness or  coma  accompanied  the  convulsions.  Some  weakness  of  the  hind  legs 
was  seen  in  one  case.  In  nine  instances  rapid  or  irregular  breathing  occurred 
during  the  course  of  the  illness.  Sometimes  a  series  of  very  rapid  respirations 
were  followed  by  a  pause,  and  then  the  respirations  began  again.  Other  in- 
teresting signs  were  running  of  the  nose  or  a  mucous  discharge  in  two  sheep, 
and  dribbling  from  the  mouth  in  two  others. 

3.  Sheep  surviving  intracerebral  inoculation,  but  showing  slight  sipnptotns, 
probably  of  encephalo-myelitis.  A.  82,  Sh.  3894.  On  June  17th  this  animal 
was  inoculated  intracerebrally  with  the  same  material  as  successfully  conveyed 
the  disease  on  the  same  date  to  two  other  sheep,  A.  80  and  A.  81.  Twelve 
days  later  the  animal  seemed  ill  and  was  lying  down,  and  was  "oft"  its  food," 
but  showed  no  paresis.  Beyond  these  shght  symptoms  on  this  date  it  remained 
well  until  July  6th,  when  blood  was  taken  from  it  under  an  anaesthetic.  Four 
days  later  it  died,  apparently  from  the  after-effects  of  the  anaesthetic.  No 
histological  lesions  of  the  disease  were  detected. 

It  is  possible  that  the  slight  symptoms  shown  on  one  day  were  due  to  a 
very  mild  attack  of  encephalitis  from  which  the  animal  recovered,  and  that 
the  lesions  had  disappeared  by  the  time  the  animal  died,  eleven  days  later. 
Under  any  circumstances  the  series  of  experiments  to  which  this  case  belongs 
shows  that  A.  82  possessed  a  decided  relative,  if  not  an  absolute,  immunity 
to  the  disease. 

A.  90,  Sh.  3903.  On  June  27th  this  animal  was  inoculated  intracerebrally 
with  material  that  gave  a  positive  result  in  the  case  of  two  other  sheep,  A.  89 
and  A.  91.  On  July  2nd  it  w^as  breathing  fast,  held  its  head  down,  was  drowsy 
and  did  not  eat.  On  July  3rd  it  held  its  head  down  when  resting,  was  not 
eating,  and  did  not  seem  to  run  about  so  much  or  so  quickly  as  usual,  while 
the  hind  legs  seemed  to  go  down  easily  when  pressure  was  exerted  on  the 
back.  On  July  4th  it  was  still  sluggish  and  not  eating,  but  next  day  it  was 
well  and  remained  so  afterwards. 

This  animal  had  been  previously  inoculated,  under  the  designation  A.  68, 
with  material  from  a  positive  sheep,  which  successfully  infected  the  monkey, 
A.  66,  done  on  the  same  date.  It  is  possible  that  the  first  inoculation,  intended 
to  be  intracerebral,  was  made  into  the  frontal  sinus,  at  any  rate  it  was  result- 
less.  The  sheep  had  also  received  a  second  inoculation,  under  the  designation 
of  A.  86,  from  Sh.  A.  75,  which  upon  histological  examination  was  found  not 
to  show  the  lesions  of  encephalo-myelitis. 
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It  aooins  lii^hly  })r()l)jibl('  that  the  symptoms  from  which  this  shoop 
suftVrrd  aflcr  the  third  injection  wore  due  to  a  mild  attac;k  of  (;MCOi)halo- 
inyehtis  from  which  it  recovered.  And  it  can  hardly  be  deni(;d,  especially 
when  its  previons  inoculations  are  considered,  that  tlie  animal  possessed  a 
relative,  if  not  an  absolute,  iminuiiity  to  the  virus. 

.A.  KH',  Sh.  :V.)\  I.  On  .Iul\  Tlli  this  ;inimal  was  inoculated  intracerebrally 
with  inMterial  wliich  successlullv  conveyed  the  disease  to  two  sheep  A.  103 
;in(l  A.  I(»r).  and  to  a  monkey,  A.  MM).  It  became  ill  on  July  12th  and  had  a 
temperature  of  lOG^  F.  On  July  l.'Uh  the  temperature  was  lower,  105',  and 
from  then  to  the  IGth  it  remained  well  excepting  for  occasional  twitchinj^s 
and  rapid  breathing.  It  seemed,  however,  very  weak  and  was  "gone  in  the 
legs,"  and  the  nose  was  running.   On  July  19th  it  seemed  well. 

Blood  was  taken  under  an  anaesthetic  on  July  31st.  The  serum  from  this 
blood  was  used,  on  August  2nd,  for  mixing  with  a  virus  before  its  injection 
into  A.  117,  M.  3937.  This  monkey  developed  the  disease  twenty- three  days 
later,  which  is  an  unusually  long  incubation  period. 

The  symptoms  presented  by  this  sheep  suggest  that  it  may  have  had  a 
mild  attack  of  encephahtis,  from  which  it  recovered.  This  is  perhaps  supported 
by  the  unduly  prolonged  incubation  period  resulting  in  monkey  A.  117,  which 
may  be  possibly  attributed  to  some  immunising  powder  possessed  by  the  sheep 
serum.  The  course  of  the  disease  in  the  monkey,  however,  when  it  developed, 
was  not  altered. 

A.  125,  Sh.  3948.  On  August  14th  this  animal  was  inoculated  intracere- 
brally with  an  emulsion  from  a  positive  sheep,  A.  121.  Next  day  it  was  a  little 
sick,  as  the  result  of  the  operation.  On  August  18th  it  seemed  cramped  and 
could  not  use  its  hindquarters  for  a  few  minutes,  and  then  seemed  to  be  con- 
vulsed. On  August  19th  it  showed  convulsive  movements,  lasting  for  about 
two  hours.  Thereafter  it  remained  well  until  August  25th  when  one  hind  leg 
seemed  to  be  slightly  contracted  and  spastic.  It  was  well  next  day  and 
remained  so  afterwards. 

This  sheep  had  received  a  previous  inoculation  intracerebrally  on  July  7th 
with  material  from  a  monkey,  which  produced  the  disease  on  the  same  date 
in  two  other  sheep,  A.  103  and  A.  105,  and  in  a  monkey,  A.  100.  It  had  been 
unaffected  by  this  first  inoculation. 

It  is  possible  that  the  symptoms  shown  by  this  sheep,  A.  125,  were  due  to  a 
mild  attack  of  encephahtis.  The  result  of  the  first  inoculation,  however,  shows 
that  it  must  have  possessed  a  marked  relative,  if  not  an  absolute,  immunity 
to  the  virus.  If  the  symptoms  manifested  after  the  second  inoculation  were 
not  due  to  a  mild  attack  of  encephalitis,  the  result  would  confirm  the  view  that 
it  possessed  absolute  immunity.  Otherwise  a  relative  or  varying  immunity 
would  be  sufT<Tested. 

A.  130,  Sh.  3968.  On  August  28th  this  animal  was  inoculated  intracere- 
brally with  material  from  a  monkey  which  on  the  previous  day  had  successfully 
infected  A.  129,  M.  3967.    On  September  5th  it  seemed  sick  and  was  not  feeding. 
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It  was  walking  about,  the  head  was  dioopiiit^  and  the  respirations  were  rapid. 
Next  day  it  seemed  worse,  was  "oft"  its  food,"  and  was  lyinj^  down  continually, 
whilst  in  the  afternoon  it  was  circling  round  with  the  head  somewhat  retracted. 
On  September  7th  the  lips  were  twitching  at  times,  and  it  was  shivering  all 
over  and  had  a  slight  limp  in  one  foreleg.  On  the  afternoon  of  September  8th 
it  seemed  worse,  the  lips  were  twitching,  it  kept  poking  out  its  tongue,  and  was 
circling  round  and  not  eating.  On  September  9th  it  had  two  fits,  each  of  about 
five  minutes'  duration,  during  which  it  lay  down,  kicked  with  its  fore  and  hind 
legs,  and  seemed  unconscious.  On  September  10th  it  was  still  sick  but  was 
able  to  stand.  On  being  made  to  move  it  could  walk,  but  occasionally  stumbled 
and  tended  to  fall  on  one  side.   From  this  date  it  remained  well. 

This  sheep,  under  the  designation  of  A.  119,  on  August  2nd  had  received 
a  previous  inoculation,  intracerebrally,  of  a  Berkefeld  filtrate  of  monkey 
material.   It  had  been  unaffected  by  this  first  inoculation. 

The  symptoms  manifested  by  this  sheep  are  strongly  suggestive  of  a  mild 
form  of  encephalitis,  from  which  it  recovered.  It  would  appear  that  the  Berke- 
feld filtrate  contained  no  virus  or  a  sub-infective  dose.  It  is  possible  that  the 
injection  of  this  filtrate  produced  some  immunity  against  the  second  inocula- 
tion, leading  to  the  recovery  of  the  sheep,  but  this  is  very  doubtful. 

A.  131,  Sh.  3969.  On  August  28th  this  sheep  was  inoculated  in  the  same 
way  and  with  the  same  material  as  A.  130.  It  had  also  received  a  previous 
inoculation  on  August  2nd  with  the  same  Berkefeld  filtrate.  On  September  5th 
the  animal  showed  some  paresis  of  the  left  foreleg,  but  could  run  about  and 
was  still  feeding.  The  respirations  were  rapid.  Next  day  it  seemed  worse. 
On  September  7th  it  seemed  better  and  could  run  about  and  feed.  On 
September  10th  it  seemed  well  except  for  a  little  stiffness  in  one  hind  leg.  At 
no  time  did  it  show  any  twitchings  or  head  retraction. 

It  is  possible,  though  doubtful,  that  the  slight  symptoms  shown  by  this 
sheep  were  due  to  a  mild  attack  of  encephalo-myeiitis.  The  remark  under 
A.  130  again  applies. 

Comment.  The  histories  of  A.  125  and  A.  130  are  distinctly  suggestive  of 
mild  attacks  of  encephalo-myeiitis.  Those  of  A.  90,  A.  102  and  A.  131  are  also 
suggestive  but  less  so.  In  the  other  sheep,  A.  82,  the  result  is  very  uncertain. 
If  some  of  these  sheep  were  "mild  takes,"  then  there  is  evidence  of  bridging 
betw^een  the  fatal  disease  conveyed  to  some  individual  sheep  and  the  complete 
immunity  possessed  by  others. 

4.  Inoculation  of  sheep  in  series. — Insusceptibility  of  some  animals.  In  four 
instances,  series  of  sheep,  five  or  six  in  number,  were  all  inoculated  at  the 
same  time,  in  the  same  w^ay,  and  under  the  same  conditions,  with  materials 
consisting  of  various  parts  of  the  brain  and  spinal  cord  of  successfully  inoculated 
monkeys.  The  material  used  varied  according  to  circumstances,  but  in  most 
cases  was  a  mixed  emulsion  of  various  portions  of  the  brain  and  spinal  cord, 
and  in  other  cases  tissue  from  the  frontal  and  occipital  regions  only,  or  from 
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the  ni«'(lull;i  iilonr.  In  oiio-  series  the  enmlsion  was  treated  with  sheep  sera. 
Til  two  animals  of  another  series  a.  Rerkefeld  filtrate  of  the  (Miiulsion  was  used. 
The  ueneral  results  obtained  from  these  four  series  show  eonclusively  that  the 
material  mij^dit  in  one  individual  sheep  j)roduce  the  typieal  disease,  whilst  the 
same  material  introduced  in  exactly  the  same  way,  at  the  same  time  and  under 
the  same  conditions  in  another  sheeji  mi<,dit  fail  to  produce  any  illness  what- 
soever, in  several  instances  rciiioculat  ions  of  these  apparently  imiinme  sheep 
with  material  |)rcsumal)ly  vinilciil  a^ain  failed,  suj^rrcsting,  as  is  indicated  in 
other  experiments,  that  the  immunity  thus  possessed  is  a  real  one,  and  that 
the  occurrence  of  non-infection  in  the  series  was  not  due  to  any  over-looked 
inhihitive  factor.  Tlierefore  it  must  be  considered  as  estabhshed  that  some 
indwvidual  sheep  are  susceptible  to  the  virus  and  develop  the  disease  when  the 
virus  is  actually  introduced  into  the  middle  of  the  cerebrum,  while  other 
individual  sheep  fail  to  react  in  any  noticeable  way  after  the  virus  has  been 
so  introduced.  These  results  are  very  important  inasmuch  as  the  inference 
to  be  drawn  from  them  may,  with  some  reason,  be  applied  to  human  beings, 
and  may  explain  why  some  persons  are  attacked  with  the  disease  while  others, 
apparently  equally  exposed  to  the  virus,  remain  unaffected.  Hitherto  the 
general  opinion  as  regards  "acute  poliomyelitis"  may  be  said  to  have  been  that 
many  individuals  in  the  community  harboured  the  virus  in  their  naso-pharynx 
or  in  some  other  situation,  and  that  the  virus  only  occasionally  gained  access 
to  the  central  nervous  system.  In  other  words,  it  appeared  possible  that  any 
carrier  might  contract  this  disease,  provided  immunity  had  not  been  esta- 
blished, if  the  organism  should  gain  entrance  to  the  central  nervous  system. 
The  results  of  these  sheep  inoculations  show,  however,  that  even  after  the  virus 
has  been  introduced  into  the  central  nervous  system  infection  may  not  neces- 
sarily result,  but  that  individuals  of  the  species  may  be  absolutely  insusceptible 
to  the  virus  in  spite  of  not  having  been  already  immunised  to  it. 

The  following  is  an  account  of  the  results  of  the  four  series  of  sheep  inocula- 
tions mentioned: 

(1)  A.  80  to  A.  85,  Sheep  3892  to  3897.  The  first  four  of  these  animals  received 
an  inoculation  of  material  from  the  usual  selected  areas  of  the  brain  and  spinal 
cord :  the  fifth,  material  from  the  frontal  and  occipital  areas  of  the  brain  only ; 
and  the  sixth  from  the  medulla  alone.  The  last-mentioned  animal  died  within 
three  days  of  the  operation,  leaving  five  animals  to  be  accounted  for.  The  sheep 
inoculated  with  the  frontal  and  occipital  cortex  only  remained  unaffected 
and  later,  under  the  designation  A.  109,  Sh.  3921,  was  successfully  inoculated 
with  the  disease.  The  inference  to  be  drawn  is  that  in  this  particular  case  the 
material  from  the  frontal  and  occipital  regions  of  A.  72,  Monkey  3873,  either  did 
not  contain  the  -virus  or  contained  it  in  a  sub-infective  amount.  Of  the  four 
sheep  inoculated  with  the  general  emulsion,  two  developed  the  typical  disease, 
one  was  unaffected,  and  one  died  23  days  after  the  operation  without  having 
shown  definite  signs  of  the  disease,  and  without  showing  the  specific  histo- 
logical lesions. 
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Summarf/.  Of  four  slieep  inoculated  with  the  same  material,  at  the  same 
time  and  under  the  same  conditions,  two  developed  the  disease  and  two  did 
not. 

(2)  A.  89  to  A.  94,  Sheep  3902  to  3907.  All  these  animals  were  inoculated 
with  material  from  A.  78,  Monkey  3890.  The  first  three  received  the  usual  mixed 
emulsion  of  various  parts  of  the  brain  and  spinal  cord;  the  fourth  and  fifth, 
material  from  the  medulla  alone;  and  the  sixth  material  from  the  frontal  and 
occipital  regions  only.  Of  these  animals,  two  of  those  receiving  the  general 
emulsion  and  one  of  those  receiving  the  medulla  alone  developed  the  disease, 
while  the  other  three  sheep  were  unafiected. 

Summary.  Neglecting  the  sheep  whicli  received  material  from  the  frontal 
and  occipital  regions  and  for  which  there  was  no  control  to  show  that  this 
material  contained  the  virus,  we  find  that  of  five  sheep  in  which  the  virus  was 
introduced  into  the  brain,  three  developed  the  disease  and  two  failed  to  do  so. 

(3)  A.  101  to  A.  106,  Sheep  3913  to  3918.  These  animals  received  an  emulsion 
of  the  usual  parts  of  the  brain  and  spinal  cord  of  A.  87,  Monkev  3900.  This  emul- 
sion was  mixed  with  normal  saline  solution  for  the  injections  into  two  sheep; 
with  the  serum  of  a  previously  inoculated  but  uiuiiiected  sheep  for  two  others; 
and  w^ith  the  serum  of  a  normal  healthy  sheep  for  the  remaining  two.  One  of 
the  last- mentioned  sheep  died  in  five  days  before  any  symptoms  were  likely  to 
have  manifested  themselves.  The  two  receiving  the  emulsion  and  saline  were 
unaffected,  but  one  of  each  of  the  other  pairs  developed  the  disease. 

Summary.  Of  five  sheep  in  which  the  virus  was  introduced  into  the  brain, 
two  developed  the  disease  and  three  were  unaffected. 

(4)  A.  119  to  A.  123,  Sheep  3939  to  3943.  These  animals  were  treated  with 
material  from  A.  110,  Monkey  3925.  The  first  two  received  a  Berkefeld  filtrate 
and  were  unaft'ected;  the  other  three  received  an  emulsion  of  the  usual  parts  of 
the  brain  and  spinal  cord.  Of  these,  one  developed  the  disease  and  two  were 
unaffected. 

Summary.  Of  three  sheep  in  which  the  unfiltered  virus  was  introduced 
into  the  brain,  one  developed  the  disease  and  t\vo  were  unaffected. 

5.  Sheep  showing  natural  immunity  to  intracerebral  inoculation  of  the  virus. 
Eight  sheep,  viz.  A.  63,  (76,  93,  115),  A.  69  (94),  A.  83  (114),  A.  101  (125), 
A.  104  (126),  A.  Ill,  A.  122  and  A.  68  (86,  90),  are  shown,  in  Appendices  XX, 
XXI  and  XXV,  to  have  been  naturally  immune  to  the  disease  even  when 
the  virus  was  introduced  actually  into  the  brain. 
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VI.   'rill'.  i)isi:\sK  AS  m wikkstkj)  in  thk  cam-'. 

Thr  (list'aso  was  convovcd  .succt'ssfully  to  ono  calf,  as  proved  by  histolo<ii(al 
examination  after  death.  In  two  other  cases  sli<iht  symptoms  arose,  and  in 
one  were  almost  certaiiilv  t  hos<'  of  encephalo-niyelitis.  P>oth  of  these  aninials 
HH'overed. 

The  chief  svmptoms  in  th<'  calf,  in  which  the  presence  of  the  disease  was 
proved,  were  restlessness  and  a  tendency  to  "«ro"  jn  the  front  legs,  followed 
hy  a  (  lear  dischar^^^e  from  the  nostrils,  and  on  the  third  day  by  weakness  of 
the  le<i;s  and  a  uait  which  tended  to  be  circular.  The  illness  terminated  in 
death  after  <.ieneral  convulsive  seizures,  with  rifj^idity  of  limbs,  nniscnlar 
tremors,  retraction  of  the  head  and  arching  of  the  back. 

\1I.    THK   DISKASK  AS  MAXirESTEI)  IX  THE  HORSE. 

Oidy  one  inoculation  was  made  into  this  species  of  animal  and  it  was  suc- 
cessful, as  proved  by  histological  examination.  The  incubation  period  was 
nine  days.  On  the  first  day  of  illness  the  animal  tended  to  move  towards  one 
side.  The  next  day  there  were  in  addition  twitchings  of  the  facial  muscles, 
staring  eyes  and  perhaps  partial  blindness.  On  the  third  day  the  animal  was 
lying  down  with  the  head  drawn  to  one  side,  and  irregular  movements  of  the 
limbs  were  observed.  This  was  followed  by  intense  and  rapid  convulsions, 
during  which  the  animal  was  unconscious,  alternating  with  short  quiescent 
periods. 

VIII.    OTHER  EXPERIMENTS  AND  VARIOUS  INFERENCES  DRAWN. 

1.  Tlie  treatment  of  the  virus  with  various  sera  before  intracerebral  inocula- 
tion into  monheys.  Four  groups  of  monkeys  pass  under  this  category,  viz., 
A.  9  and  10,  A.  20  and  21,  A.  27  and  28,  and  A.  116  and  117. 

A.  9  and  10.  The  serum  used  in  the  case  of  A.  9  was  pooled  from  three 
children  who  had  had  infantile  paralysis  some  time  previously.  In  one  case 
infantile  paralysis  had  occurred  2J  years  before,  whilst  in  the  other  two  cases 
the  disease  was  probably  as  remote  or  more  so.  The  children  were  under 
treatment,  at  the  Eoyal  Alexandra  Children's  Hospital,  for  the  residual 
paralysis.  The  serum  used  in  A.  10  was  obtained  from  a  healthy  medical  man 
who  had  never  suffered  from  infantile  paralysis.  The  usual  emulsion  of  the 
human  virus  was  mixed  with  equal  amounts  of  the  respective  sera,  and  kept 
in  an  incubator  for  an  hour,  and  then  in  the  ice-chest  over-night.  Twenty-four 
hours  after  the  mixing  the  injections  were  made. 

A.  8  acts  as  a  control  to  these  two  monkeys,  inasmuch  as  the  untreated 
emulsion  was  inoculated  intracerebrally  the  day  previously.  A.  8  developed 
the  disease  nine  days  after  inoculation,  and  had  a  length  of  illness  of  six  days: 
A.  9  developed  the  disease  twelve  days  after  inoculation,  and  had  a  length  of 
illness  of  eleven  days;  and  A.   10  developed  the  disease  fifteen  days  after 
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inoculation,  and  had  a  len«^th  of  illness  of  three  days.  Tlie  three  monkeys 
were  killed  in  edtreniis. 

From  these  results  it  would  appear  that,  by  the  method  employed,  the 
sera  of  cases  which  had  had  infantile  paralysis  two  or  three  years  previously 
were  not  capable  of  neutralising  the  virus  of  encephalomyelitis  ("  X  disease  "). 
It  is  interesting  to  note,  however,  that  the  two  monkeys  inoculated  with  the 
treated  virus  had  a  much  longer  incubation  period  than  the  one  inoculated  with 
th^e  untreated  virus;  and  as  remarkable  that  A.  10,  in  which  normal  serum  was 
used,  had  a  longer  incubation  period  than  A.  9,  in  which  pooled  sera,  wherein 
protected  bodies  might  have  been  expected,  were  used.  It  may  be  noted, 
however,  that  whilst  the  disease  in  A.  10  ran  a  rapid  course  after  a  long  incuba- 
tion period,  in  A.  9  it  ran  a  very  slow  course  of  eleven  days,  after  a  somewhat 
shorter  incubation  period.  It  may  be  further  noted  that  A.  117,  another 
monkey  in  which  the  emulsion  was  treated  with  a  serum,  had  a  phenomenally 
long  incubation  period  of  twenty-three  days;  on  the  other  hand  A.  124,  in- 
oculated with  an  untreated  emulsion,  had  an  incubation  period  of  seventeen 
days. 

Conclusions.  The  treatment  of  the  emulsion  of  the  virus  with  human  serum 
may  possibly  lengthen  the  incubation  period.  Sera  obtained  from  old  cases 
of  infantile  paralysis  were  not  proved  capable  of  annulling  the  virus. 

A.  20  and  21.  These  inoculations  need  not  be  further  discussed,  inasmuch 
as  the  emulsion  employed  was  obtained  from  a  monkey  which  histologically 
showed  no  evidence  of  encephalo-myelitis. 

A.  27  and  28.  The  serum  employed  in  the  case  of  A.  27  was  derived  from  a 
patient  who  was  believed  to  have  had  "X  disease"  in  the  previous  year.  The 
blood  had  been  forwarded  by  train  and  the  serum  kept  in  an  ice-chest  for  a 
few  days  before  use.  In  the  case  of  A.  28,  the  serum  was  a  normal  human  one. 
The  method  employed  was  that  already  described  in  connection  with  A.  9  and 
10.  Both  monkeys  failed  to  "take."  As  there  were  no  control  successful 
"takes"  with  material  from  this  human  case,  there  is  unfortunately  no  evi- 
dence that  the  virus  was  present  in  the  emulsion.  Therefore  nothing  can  be 
learned  from  the  experiments. 

A.  116  and  117.  These  monkeys  received  injections  of  a  virus  from  A.  110, 
Monkey  3925.  The  virus  consisted  of  an  emulsion  in  normal  saline  solution  of 
tissues  from  the  usual  regions  in  the  brain  and  spinal  cord.  After  being  emulsi- 
fied, the  material  was  centrifuged  at  a  low  speed  for  two  minutes,  which 
yielded  a  supernatant  milky  fluid  and  a  deposit  of  coarser  fragments.  The 
fluid  w^as  divided  into  tw^o  portions,  and  to  each  an  equal  amount  of  one  of 
the  sera  to  be  mentioned  was  added.  The  mixtures  were  shaken,  then  incu- 
bated for  two  hours,  then  kept  at  room  temperature  for  an  hour,  and  finally 
injected  intracerebrally  into  the  respective  monkeys.  The  object  of  this 
procedure  was  to  see  whether,  during  the  time  given  and  with  the  amount  of 
serum  employed,  the  infectivity  of  the  virus  would  be  annulled. 

A.  116,  Monkey  3936,  received  the  supposed  virus  mixed  with  serum  from 
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A.  81),  Sluvj)  l\\H)'2.  This  shoop  was  inoculated  on  .June.  271  li  willi  material  from 
a  previous  monkey.  It  showed  sh<fht  .sym})toms  on  .July  2nd,  3rd  and  Ith, 
which  mi<:;ht  he  considered  as  in(lica1in<^  a  mild  form  of  eneephalo-myeliti.s. 
On  .lulv  T)!  h  it  seemed  well  auain.  On  July  18th  20  c.e.  of  blood  were  removed 
iMuhM'  an  anaesthetic.  It  \\;is  used  loi-  immunity  experimentH  on  sheej).  The 
animal  was  bled  a<iain  on  .lul\-  .'>lst  undeian  anaesthetic.  Two  days  later  it  was 
sick,  apparent  1\-  from  lun^  trouble,  was  worse  next  day  and  died  on  August  4th. 
llistolo<'ical  exannnation  showed  lesions  of  encephalo-myelitis,  apparently 
in  a  sta<ie  of  early  resolution,  su^r^^estin*;  that  the  symptoms  manifested  from 
July  2nd  to  4th  were  due  to  a  mild  form  of  this  disease  from  which  the  animal 
was  in  process  of  recovery.  A.  116,  Monkey  3936,  remained  unaffected  by 
the  inoculation  of  the  virus  combined  with  the  serum  of  this  sheep. 

A.  117,  Monkey  3937,  received  the  virus  intermixed  with  the  serum  of 
A.  102,  Sheep  3914.  This  sheep  had  been  inoculated  on  July  7th  with  material 
from  a  previous  sheep,  A.  101,  Sh.  3913.  It  became  ill  five  days  later  with  a 
raised  temperature,  and  thereafter  had  occasional  tw'itchings,  breathed  rapidly, 
seemed  very  weak,  was  "  gone  "  in  the  legs,  and  had  a  running  nose.  It  appeared 
perfectly  well  on  July  19th.  Blood  was  withdrawn  under  an  anaesthetic  on 
July  31st.  The  symptoms  manifested  by  this  sheep  suggest  that  it  may  have 
had  a  mild  form  of  encephalo-myelitis  from  which  recovery  had  resulted. 
A.  117,  Monkey  3937,  was  found  prostrate  on  the  bottom  of  the  cage  twenty- 
three  days  after  the  inoculation.  It  exhibited  intense  incoordinated  movements 
on  being  disturbed,  and  histological  examination  after  death  showed  typical 
lesions  of  encephalo-myehtis. 

Discussion  of  the  results.  First  it  is  necessary  to  point  out  that  the  monkey 
supplying  the  virus  employed  in  these  two  experiments,  namely  A.  110,  Monkey 
3925,  at  the  time  it  was  killed  appeared  as  though  it  might  have  recovered 
from  the  disease.  The  possibility,  therefore,  is  that  the  strain  of  virus  at  this 
stage  possessed  less  virulence  than  it  had  originally,  so  that  even  without  any 
other  treatment  it  might  have  failed  to  convey  the  disease  to  a  monkey,  or 
have  only  produced  the  disease  after  a  long  incubation  period,  or  in  mild  form, 
when  it  did  appear.  The  results  show  that  A.  116  did  not  contract  the  disease 
and  that  A.  117  contracted  it  after  an  unduly  prolonged  incubation  period  of 
twenty-three  days.  It  is  to  be  noted,  how^ever,  that  when  the  disease  did  arise 
in  A.  117,^it  appeared  in  an  intense  form.  After  making  due  allowance,  there- 
fore, for  the  possibility  that  the  activity  of  the  virus  w^as  waning,  the  negative 
result  in  A.  116  is  in  support  of  the  view  that  the  serum  of  A.  89,  Sheep  3902, 
actually  did  neutralise  the  virus  under  the  circumstances  of  the  experiment. 
It  might  have  been  expected,  moreover,  that  the  serum  from  this  sheep, 
which  was  actually  shown  later  to  have  suffered  from  encephalo-myelitis, 
would  have  possessed  imnmne  bodies— if  such  are  developed  in  this  disease — 
at  the  time  when  it  was  withdrawn.  As  regards  A.  117,  the  inferences  are  less 
clear.  The  sheep  whose  serum  was  employed  may  or  may  not  have  had  ence- 
phalo-myelitis. The  unduly  prolonged  incubation  period  may  or  may  not  have 
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been  the  expression  of  some  immune  properties  held  by  this  serum.  The 
serum  may  in  fact  have  delayed  the  appearance  of  the  disease  without  modi- 
fying; its  course  when  it  did  appear. 

2.  The  treatment  of  the  virus  ivith  various  sera  before  intracerebral  in- 
oculation into  sheep.  Four  sheep,  A.  103,  104,  105  and  106,  were  inoculated  with 
material  from  A.  87,  Monkey  3900.  The  usual  enmlsion  in  normal  saline  solu- 
tion was  centrifuged  at  a  low  speed  for  about  seven  minutes.  The  supernatant 
fluid  was  then  divided  into  two  portions  and  each  mixed  with  an  equal  amount 
of  serum — with  serum  from  a  normal  sheep,  in  the  case  of  the  last  two,  and  with 
serum  from  A.  82,  Sheep  3984,  in  the  case  of  the  first  two  animals.  After  incu- 
bation for  two  hours,  the  mixtures  were  kept  at  room  temperature  for  a  further 
two  hours,  and  then  injected  intracerebrally  into  the  respective  sheep. 

The  serum-yielding  sheep,  A.  82,  had  been  inoculated  with  material  from 
A.  72,  Monkey  3873,  on  June  17th.  On  June  29th  it  seemed  ill  but  showed  no 
paresis.  It  was  bled  under  an  anaesthetic  on  July  6th  for  the  purpose  of  the 
present  experiments  and  died  on  July  10th,  apparently  from  the  after-effects 
of  the  anaesthetic.  Histological  examination  showed  no  lesions  of  encephalo- 
myelitis. It  should  be  noted  that  two  companion  sheep  to  A.  82,  viz.,  A.  80 
and  A.  81,  both  developed  the  disease  after  identical  intracerebral  inocula- 
tions. 

A.  103,  Sheep  3915,  developed  the  disease,  whilst  A.  104,  Sheep  3916, 
showed  no  symptoms,  being  probably  an  immune  animal. 

A.  105,  in  which  the  emulsion  was  treated  with  serum  from  a  normal  sheep, 
developed  the  disease,  but  A.  106,  similarly  treated,  died  from  lung  trouble  in 
five  to  six  days,  perhaps  before  signs  of  the  disease  could  have  manifested 
themselves. 

Discussion  of  results.  The  serum  of  A.  82,  Sh.  3894,  failed  to  neutralise  the 
virus  in  the  method  employed  when  injected  into  A.  103,  Sh.  3915.  As  ex- 
plaining this  result,  there  is  no  evidence  that  A.  82,  Sh.  3894,  actually  had 
encephalo-myelitis,  so  as  to  be  in  the  position  of  possessing  anti-bodies  in  its 
serum. 

The  positive  results  in  A.  105,  together  with  the  positive  results  in  A.  103, 
both  show  that  by  the  method  employed  sheep  serum  alone  does  not  neu- 
tralise the  virus. 

A.  Ill,  112  and  113.  As  regards  these  inoculations,  the  procedure  was 
that  adopted  in  the  preceding  series,  save  that  the  mixtures  were  incubated 
for  only  1 J  hours  and  were  inoculated  an  hour  later.  Again,  as  showing  that  the 
virus  was  present  in  the  material  used,  A.  110,  Monkey  3925,  acts  as  a  control 
since  this  received  an  injection  differing  only  in  the  replacing  of  the  serum  by 
an  equal  amount  of  normal  saline  solution,  and  the  animal  developed  the 
disease.  The  serum  employed  for  the  three  sheep  was  that  from  A.  89,  Sheep 
3902,  taken  on  July  18th.  A  short  summary  of  the  history  of  A.  89  has  been 
already  given  in  discussing  the  experiments  on  the  two  monkeys,  A.  116  and 
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1  17,  ill  tlic  pnM'(Mliii«i  section.  It  will  he  nun  cm  bored  that  the  serum  employed 
in  the  case  of  these  monKcvs,  and  wliich  apparently  protected  A.  11(>  a<^ainst 
infection,  was  obtained  from  A.  HI),  Sheep  .'i'.i()2,  on  July  .'i  1st,  whereas  tlie  serum 
employed  in  the  case  of  these  sheep  was  that  obtained  on  July  18th.  A.  I  1  I 
showed  no  evidence  of  cncc|)lialo myelitis  after  its  inoculation;  the  otlier  two 
aiiiniiils  (ImmI  two  and  four  days  r(^-•])ectiveIy  after  the  inoculation  before  any 
sNinptoms  could  possiblx    have  arisen. 

Disrus.sioii.  It  is  |)ossil)lc  that  A.  Ill,  Sheep  3923,  was  protected  against 
infection  by  the  blood  serum  of  A.  89,  Shee])  3902.  As,  however,  many  sheep 
are  naturally  immune  to  the  intracerebral  injection  of  the  virus,  the  question 
of  the  protective  value  of  this  serum  at  this  date  is  by  no  means  proved. 

3.  Experiments  suf/gestinf/  (hat  the  virus  is  no  longer  present  on  the  Sth  or 
10///  dat/  of  illness  in  monkeys.  In  the  discussion  on  the  "Failure  in  Monkeys 
of  Certain  Intracerebral  Inoculations  of  Brain  and  Spinal  Cord  from  Monkeys" 
(vide  Appendix  VI)  it  is  suggested  that  the  failure  to  infect  A.  18,  Monkey  3823, 
and  perhaps  A.  19,  Monkey  3824,  was  due  to  the  disappearance  of  the  virus 
during  the  eight  or  ten  days  of  illness  that  had  elapsed  before  the  death  of  A.  9, 
Monkey  3785. 

4.  Experiments  showing  presumed  dying  out  of  the  virus  during  prolonged 
storage  in  glycerine  in  the  cold.  A.  17,  Monkey  3836,  was  inoculated  with 
material  from  a  monkey  on  April  11th  and  was  unaffected  thereby.  The  same 
material  on  February  13th  had  successfully  conveyed  the  disease  to  A.  14, 
Monkey  3805.  That  A.  17  was  not  immune  was  shown  by  its  successful  inocu- 
lation later  as  A.  55,  Monkey  3848.  The  inference  is  that  the  virus  had  died  out 
during  the  storage  for  two  months  in  glycerine  emulsion  in  the  cold. 

A.  96,  Sheep  3935  was  inoculated  on  July  29th  with  material  from  a  monkey, 
A.  78,  Monkey  3890,  and  remained  unaffected.  The  same  material  on  June  27th 
and  28th  had  successfully  conveyed  the  disease  to  a  monkey,  a  sheep  and  a 
horse.  This  sheep,  A.  96,  was  not  further  tested  to  see  whether  it  possessed 
natural  immunity.  The  failure  of  the  experiment  may  therefore  be  attributed 
either  to  the  length  of  time  the  material  was  preserved  in  glycerine  in  the  ice- 
chest,  namely  a  month,  or  to  natural  immunity. 

5.  Experiynents  possibly  showing  a  waning  in  virulence  of  the  virus.  A.  116, 
Monkey  3936,  w^as  inoculated  with  monkey  material  which  had  been  treated  with 
the  serum  of  a  "positive"  sheep,  A.  89.  The  monkey  was  unaffected  by  the 
inoculation,  whilst  another  monkey,  A.  117,  M.  3937,  which  was  inoculated 
on  the  same  day  with  the  same  material,  save  the  substitution  of  serum  from 
another  sheep,  A.  102,  developed  the  disease  after  an  unduly  prolonged  incuba- 
tion period  of  23  days,  the  disease  thereafter  running  its  usual  course.  It  is 
probable  that  the  failure  of  A.  116  to  "take"  was  attributable  to  the  neutral- 
ising power  of  the  sheep  serum,  and  it  is  possible  that  the  prolonged  incubation 
period  in  A.  117  was  due  to  the  presence  of  similar  neutralising  bodies,  but 
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to  a,  less  det^ree,  in  the  second  sheep's  serum.  On  the  other  hand  it  is  possible 
that  the  negative  result  in  the  first  monkey,  and  the  prolonged  incubation 
period  in  the  second,  were  due  to  a  waning  in  activity  of  the  virus  leading  to 
complete  failure  to  "take"  in  some  monkeys  and  a  prolonged  incubation 
period  in  others.  It  may  be  noted  that  A.  132,  which  is  the  same  monkey  as 
A.  110,  also  escaped  disease  when  inoculated  later  with  material  from  another 
positive  monkey.  This  second  failure  may  be  attributed  either  to  the  animal 
having  been  rendered  artificially  imnmne  by  the  first  inoculation,  or  to  the 
supposed  weaning  of  virulence  leading  to  a  "take"  in  some  monkeys  and  a 
failure  in  others. 

6.  Experiment  suggesting  the  fwduction  of  artificial  immunity.  A.  132, 
Monkey  3977,  which  has  just  been  discussed,  may  be  an  instance  of  artificial 
immunity  resulting  from  the  administration  of  an  active  virus  which  had  been 
exposed  to  the  serum  of  a  sheep,  which  sheep  had  had  encephalo-myelitis 
and  still  showed  lesions  of  this  disease. 


IX.    SUMMARY  AND  CONCLUSIONS. 

1.  The  disease  is  an  acute  encephalo-myelitis  produced  by  a  virus  akin  to, 
but  not  identical  with,  that  of  the  Heine-Medin  disease. 

2.  The  disease  was  readily  communicated,  with  fatal  results,  to  monkeys 
(Macacus  rhesus)  by  intracerebral  inoculation  of  a  suitably-prepared  emulsion 
of  nervous  substance  (brain,  cerebellum,  pons,  medulla  and  spinal  cord)  from 
the  human  subject  dead  from  "  X  disease."  Moreover,  the  virus  was  found  to 
breed  true  in  a  succession  of  thirteen  monkey  (Macacus  rhesus)  generations. 

3.  The  disease  was  not  communicated  to  Macacus  ci/nomolgus  (several 
trials). 

4.  The  disease  was  communicated  by  the  above-mentioned  method  from 
monkey  to  sheep  (10  times),  from  sheep  back  to  monkey  and  on  again  from 
monkey  to  monkey. 

5.  A  certain  number  of  sheep,  perhaps  50  per  cent.,  were  found  wholly 
insusceptible  to  the  disease ;  others  suffered  lightly  and  recovered. 

6.  The  disease  was  communicated,  with  fatal  results,  by  the  same  method, 
from  monkey  to  horse  (1  case)  and  to  calf  (1  case).  Two  calves  suffered  lightly 
after  intracerebral  inoculation  of  the  usual  virus-containing  material  taken 
from  monkey  and  horse  respectively. 

7.  The  virus  appears  to  be  held  back  completely,  or  to  a  great  degree,  by 
the  pores  of  a  Berkefeld  filter. 

8.  Storage  of  the  virus-containing  material  in  diluted  glycerine,  under 
cool  conditions,  for  longer  than  a  few  days,  reduced  or  annulled  its  nocive 
properties. 

9.  Drying  of  the  virus-containing  material  in  Petri  dishes,  in  an  incubator, 
probably  destroys  its  activity. 
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10.  Ill  the  case  of  llic  sliccp,  (here  was  failure  to  induce  tlio,  disease  by 
s\val)l)iu^^  the  nostrils  with  virus-containin','  emulsion. 

11.  There  is  soinr  rvidcnce  that  in  the  ease  of  the  sheep  and  the  calf  a 
previous  mocuhitioM  willi  the  virus  confers  i?uinunity. 

\'2.  One  experiment  su<i:;^M'sted  that  artificial  immunity  mi<^^ht  be  induced 
in  the  monkev  bv  inoculation  lA  virus  treated  with  serum  fr(;m  an  ''  X  disease" 
sheep. 

13.  Intrac(u-el)?al  inocuhition  of  threedof^s,  one  kitten,  two  rabbits  and  one 
hen  failed  to  produce  any  si<,nis  of  the  disease;  and  similar  inoculations  of  two 
_ij:uiTu\'i  pi^s  «i;ave  doubtful  results. 

11.  Treatment  of  the  virus-c()ntainin«^  emulsion  witii  {a)  normal  humaii 
serum,  (h)  serum  from  recovered  human  cases  of  "acute  poliomyelitis"  and 
(c)  serum  from  "X  disease  "  sheep  prolonj^ed  the  incubation  period  of  the  disease 
in  the  monkey  but  did  not  destroy  the  virus. 

15.  Normal  sheep  serum  and  serum  from  "Z  disease"  sheep  did  not  neu- 
tralise the  virus  in  its  operation  on  other  sheep. 

16.  Two  experiments  suggested  that  the  virus  was  no  longer  present  in 
the  monkey  on  the  eighth  or  tenth  day  of  illness. 

17.  Two  experiments  towards  the  end  of  the  investigation  suggested  a 
waning  in  strength  of  the  virus. 

18.  Intraperitoneal  and  intrasciatic  inoculations  of  virus-containing 
material,  also  intracerebral  inoculations  of  cerebro-spinal  fluid,  of  a  filtrate  of 
faeces,  of  a  "  Noguchi  culture,"  of  an  emulsion  of  fowl  ticks,  of  naso-pharyngeal 
sw^abs  from  human  cases  and  contacts,  and  inoculations  into  veins,  all  failed. 


X.    APPENDICES^. 

Appendix  I.    Tabulation  of  the  kinds  of  Inoculations  and  Results  in 
the  respective  Species  of  Animals. 

Each  number  refers  to  an  individual  experiment  on  an  animal.  Since  in 
many  instances  it  was  necessary,  when  no  result  followed,  to  use  the  animal 
again  for  a  further  experiment,  it  is  obvious  that  the  number  of  animals 
actually  used  is  considerably  less  than  might  be  inferred  from  the  number  of 
experiments  made. 

Monkeys:   Macacus  rhesus  and  Macacus  cynomolgus  =  62. 

Positive  results  from  the  intracerebral  inoculation  of  material  from  three  human 
cases:  A.  8,  9,  10,  33,  48  .  =-5 

Positive  results  from  the  intracerebral  inoculation  of  material  from  monkeys: 
A.  14,  49,  50,  55,  62,  (54,  06,  72,  78,  87,  100,  1 10,  117,  124,  129  =  15 

Animals  dying  shortly  after  the  operation  as  a  direct  result  of  this  or  from  early 
sepsis.   (These  cases  will  not  he  further  considered):  A.  7.  13,  22,  2.").  47,  .")!,  128 

*  Throughout  the  Appendices  the  al>breviations  M.  and  Sh.  stand  for  Monkc}-  and  Sheep 
respectively. 


•29*J  Acute  Encephdlo-inneJtth 

Death  in  12  days  from  pathogtiiic  infection,  without  eo-exiHtent  evidence  of  ence- 

phalo-myelitis:  A.  1 1  —     1 

Faihire  of  intracerebral  iiioculutions  ot  tlie  brain  (and  spinal  cord)  fioni  ei^;lil  liuniaii 

Ciises:  A.  27,  28,  29,  37,  38,  39,  40,  41,  44.  4.5  H) 

Failure  of  certain  intracerebral  inoculations  of  the  brain  and  spinal  cord  of  nionkeyn: 

A.  17,  18,  19,  20,  21,  Mb,  132  =    7 

Failure  of  intraperitoneal  inoculations  of  human  spinal  cord:  A.  (i,  24  —     2 

Failure  of  the  intrasciatic  inocidation  of  the  brain  and  spinal  cord  from  a  human 

case:  A.  5  :-=     1 

Failure  of  the  intracerebral  inoculation  of  Pasteur-(^hambeiland  l'\  filtrates:  A.  12, 

2(),  54  =    3 

Failure  of  t  he  intracerebral  inoculation  of  cerebro-spinal  fluid :  A.  1 ,  32  =2 

Failure  of  the  intracerebral  inoculation  of  a  Pasteur-Cham berland   F.   filtrate  of 

faeces:  A.  31  =1 

Failure  of  the  intracerebial  inoculation  of  a  '' Noguchi  culture"  =     1 

Failure  of  the  intracerebral  inoculations  of  naso-pharyngeal  swabs  from  contacts 

and  a  case:  A.  3,  30  =    2 

Failure  of  the  intracerebial  inoculation  of  the  brain  and  spinal  cord  of  a  horse:  A.  42 

=  1 
Failure  of  the  intracerebral  inoculation  of  an  emulsion  of  fowl  ticks:  A.  43  =  1 
Failure  of  the  intraperitoneal  inoculation  of  swabs  from  contacts:  A.  2  =1 

Failure  of  the  intrasciatic  inoculation  of  swabs  from  contacts:  A.  4  =     1 

Faihne  of  the  introduction  of  the  virus  into  a  vein  after  lumbar  punctm-e:  A.  71 

-     1 

Sheep:  =  52. 

Positive  results  from  intracerebral  inoculation  of  material  from  the  brain  and  spinal 
cord  of  monkeys:  A.  52,  65,  80,  81,  89,  91,  92,  103,  105,  121  =  10 

Positive  results  from  intracerebral  inoculation  of  material  from  the  brain  and  spinal 
cord  of  positive  sheep:  A.  98,  108,  109  =    3 

Dying  within  four  and  a  half  days  of  the  operation  as  a  direct  result  of  this,  or  from 
post-anaesthetic  lung  trouble  or  sepsis:  A.  85,  99,  1 12,  113,  123  =    5 

Surviving  intracerebral  inoculation  but  showing  slight  symptoms,  possibly  of  ence- 
phalo-myelitis:  A.  82,  90,  102,  125,  130,  131  =-    6 

Show^ing  no  symptoms  after  intracerebral  inoculation  of  brain  and  spinal  cord  from 
human  cases:  A.  35,  46  =2 

Showing  no  symptoms  after  intracerebral  inoculation  of  brain  and  spinal  cord  from 
infected  monkeys:  A.  53,  63,  69,  75,  83,  84,  93,  94,  96,  101,  104,  106,  111,  122 

=  14 

Showing  no  symptoms  after  intracerebral  inoculation  of  brain  and  spinal  cord  from 
infected  sheep:  A.  68,  114,  115,  126  =    4 

Showing  no  symptoms  after  intracerebral  inoculation  from  a  monkey  histologically 
negative.   (This  case  will  not  be  further  discussed) :  A.  23  =1 

Showing  no  symptoms  after  intracerebral  inoculation  from  a  sheep  histologically 
negative.    (This  case  will  not  be  further  discussed):  A.  86  =1 

Showing  no  symptoms  after  swabbing  the  nose  with  virus-containing  material: 
A.  70  =1 


J.    li.  (^LKLAM)  AM)  A.   W.  CaMI'MKLL  '2^ 

Showiti^  MO  svm|)t()ins  aflcr  flic  iiihoducliofi  of  horHO  Mcnij]!  into  flir-  spinal  canal  aiul 
of  a  small  (jiianlity  of  viiiis  inlo  a  vein:  A.  7<>  I 

ShoNN  in^  MO  sNiM|)lornH  aft  or  int  ia|)<TiloM(al  iMociilaf  ion  of  f  lie  \  iiiis:  A.  (>"  I 

Show  iii;^  MO  svMiplonis  aftci-  I  Ih'  iii(  t  accichra  I  injccl  ion  oldrird  1  issur-  frorn  \\\r  laaiM 
and  spinal  cord :   A.  77  ■"      1 

Showing  MO  sv  iMptorns  after  iMtniccrrlaal  iMoculaf  ioM  of  a  l'>(  rkcfcid  liltratc;  of  viruH- 
contaiiiiM^  material:  A.  !!!>,  120  =    2 

Calves  :  =  4. 

Positive  result  after  int  raeei-ehial  inoculation  with  material  from  tlie  fxain  and  spinal 
cord  of  a  monkey:  A.  57  i 

Showing  symptoms  of  illness.  |)ossil)ly  of  eneephalo-myeiitiH,  after  intracenihraj 
inoculation  of  material  from  the  brain  aM(l  spimil  cord  of  a  poHitive  monkey  or 
a  positive  horse:  A.  88,  107  =2 

Showing  no  symptoms  after  intracerebral  inoculation  (a  second  inoculation)  wit}i 
brain  and  spinal  cord  from  a  positive  sheep:  A.  127  =1 

Horse:  =  1. 

Positive  result  from  intracerebral  inoculation  of  material  from  the  brain  and  spinal 
cord  of  a  monkey:  A.  95  =     1 

Dogs:  -=  5. 

Showing  no  symptoms  after  an  intracerebral  inoculation  of  material  from  the  brain 
and  spinal  cord  of  a  human  case,  a  monkey  case,  or  a  sheep  case:  A.  16,  34,  56, 
97  =4 

Dying  as  a  result  of  the  operation.   (This  case  will  not  be  further  discussed):  A.  15 

=    1 

Kittens:  =  2. 

Showing  no  symptoms  after  intracerebral  inoculation  of  brain  and  spinal  cord  from 
a  positive  monkey:  A.  79  =1 

'    Dying  as  the  result  of  the  operation.   (This  case  will  not  be  further  discussed):  A.  61 

=     1 

Rabbits:  =  3. 

Showing  no  symptoms  after  intracerebral  inoculations:  A.  58,  73  =    2 

Dying  as  the  result  of  the  operation.   (This  case  will  not  be  further  discussed):  A.  59 

=     1 

Guinea-pigs:  =  2. 

Showing  indefinite  symptoms  and  doubtful  histological  results  after  intracerebral 
inoculation  of  brain  and  spinal  cord  from  infected  monkeys:  A.  60,  74 

=    2 

Hen:  =  1. 

Showing  no  symptoms  after  intracerebral  inoculation  of  brain  and  spinal  cord  from 
an  infected  monkey:  A.  118  =     ^- 
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.1.  H.  (Yki.am)  and  a.  \y.  ('ampb?:ll  'iO.") 

AiM'iiNDix   III.     Dcfdils  of  I  he  Successful  Inoculations  in  Individual 

Monkvifs  (Mdcftrus  rhesus). 

A.  .8,  M.  .*J7S.'J.  hcoamo  ill  on  the  iiiiilli  day.  During  the  (iiHt  two  days  ifH  movcm(;nt« 
\V(M't'  violent  and  incoordinate,  and  it  sliovvcd  a|)|)ai('nt  weakness  in  the  legH.  (Jn  th(!  third 
day  it  was  (|uiet(  r.  hut  markedly  weak  and  very  elunisy  in  its  movements.  On  th(!  sixth 
day.  when  if  was  killed,  hofli  let's  wcif  inaikedly  paretic,  whilst  the  ri^ht  ami  seemed  ah- 
solutely  paralysed  and  useless. 

A.  9,  M.  .'^785,  heeamo  ill  on  the  twelfth  day,  showing  slight  weakness  in  the  legs.  Its 
condition  was  much  the  same  on  the  two  following  days.  On  the  fourth  day  the  right  arm 
seemed  decidedly  paretic  and  clumsy,  whilst  the  legs  were  markedly  paretic  and  dragged 
after  the  body  on  movement.  The  body  swayed  on  moving  and  movements  were  clumsy. 
On  the  fifth  day  the  animal  was  ataxic  and  frequently  fell  over,  whilst  its  movements  were 
clumsy  and  the  neck  seemed  weak.  Its  condition  during  the  next  three  days  was  much  the 
same.  On  the  ninth  day,  in  addition,  the  head  was  somewhat  retracted;  the  muscles  of  both 
arms  and  legs  still  possessed  some  tone.  On  the  eleventh  day,  when  the  animal  was  killed, 
it  was  much  exhausted  and  no  movements  could  be  detected  in  the  arms. 

A.  10,  M.  3786,  after  an  incubation  period  of  fifteen  days,  showed  an  anxious  expression 
and  seemed  drowsy.  It  reeled  like  a  drunken  man;  the  arms  and  legs  seemed  paretic.  On 
the  second  day  of  illness  it  showed  marked  ataxia  and  the  neck  seemed  weak.  On  the  third 
day  it  was  lying  on  its  side;  the  right  arm  was  apparently  paralysed;  the  left  arm  and  both 
legs  could  be  moved  a  little,  but  some  tone  still  remained  in  the  limbs.  The  animal  was 
killed  on  this  day. 

A.  14,  M.  3805,  after  an  incubation  period  of  ten  days,  became  markedly  ataxic  whilst 
the  hind  limbs  were  apparently  paretic.  Next  day  it  uttered  sharp  cries  from  time  to  time, 
and  its  head  was  frequently  buried  on  the  chest.  On  being  startled  it  reeled  and  swayed  about 
in  a  convulsive  way,  injuring  itself.  The  hind  limbs  and  right  arm  were  weak.  On  the  third 
day  the  animal  was  quite  prostrate;  it  showed  slight  convulsive  movements  of  the  left  arm 
and  left  leg,  and  the  head  was  slightly  retracted.  The  temperature  was  subnormal.  It  died 
on  this  day. 

A.  33,  M.  3803,  after  an  incubation  period  of  twelve  days,  had  an  anxious  expression  and 
showed  clumsy  movements.  There  was  no  definite  paresis.  On  being  disturbed,  convulsive 
seizures,  without  loss  of  consciousness,  occurred.  On  the  second  day  there  was  marked  in- 
coordination and  apparently  some  rigidity,  whilst  attacks  of  convulsive  movements  occurred 
from  time  to  time.  There  was  marked  incoordination  and  an  occasional  twitch  of  the  limbs. 
Partial  paresis  of  the  hands  was  manifested  when  it  tried  to  feed  itself.  The  same  intense 
incoordination  and  general  convulsive  movements  occurred  during  the  next  two  days.  On 
the  fifth  day  it  was  lying  on  its  side  at  the  bottom  of  the  cage;  both  hind  limbs  seemed  useless 
but  rather  rigid  than  flaccid,  whilst  both  arms  were  paretic.  On  the  sixth  day,  when  it  was 
killed,  the  animal  was  still  prostrate,  and  there  was  paresis  of  all  four  limbs  which  were 
rather  flaccid. 

A.  48,  M.  3829,  became  ill  on  the  eleventh  day  and  showed  the  usual  very  anxious  ex- 
pression. Its  movements  were  decidedly  incoordinate.  During  the  next  two  days  the  in- 
coordination was  greatly  increased  and  an  internal  squint  was  present  on  the  third  day  of 
illness  when  the  animal  was  killed. 

A.  49,  M.  383o,  became  ill  on  the  seventh  day,  showing  a  frightened  expression  and  being 
nervous.  One  arm  and  leg  seemed  rather  spastic.  On  the  third  day  of  illness  it  uttered  pecu- 
liar staccato  cries,  was  very  "jumpy,"  and  showed  exaggerated  incoordinated  movements. 
Next  day  its  condition  was  worse,  and  on  the  fifth  day,  when  it  was  killed,  it  was  prostrate 
on  the  bottom  of  the  cage  with  the  head  markedly  retracted. 


•J9f)  A  cute  Emeph  alo-inycllt  is 

A.  50,  M.  38:J1),  showed  a  fiightt'iitd  expression  on  tlic  tit'tli  and  sixth  days  after  its  in- 
oculation. On  the  third  day  of  iihiess  it  uttertnl  barking  noises;  its  movements  were  exag- 
gerated but  there  was  lui  (k'tinite  incoordination.  Next  tiay,  in  addition,  there  was  shght 
incoordination,  and  on  the  fifth  day  of  ilhiess  the  animal  was  prostrate  on  tlie  liottom  of  the 
cage,  though  it  could  partly  raise  itself.  Its  movements  were  much  exaggerated,  duiing 
which  it  injured  itself.    It  was  killed  with  chloroform  on  this  day. 

A.  55,  M.  .*J848,  did  not  use  the  left  arm  on  the  seventh  day  after  its  inoculation.  .\ext 
day  its  movements  were  very  shaky  and  rather  incoordinate.  This  may  be  consideretl  as 
the  first  day  of  illness.  On  the  second  day  the  animal  was  intensely  shaky,  trembling  all 
overasif  from  paralysis  agitans,  and  was  rather  incoordinate  in  its  movements;  it  died  during 
the  night. 

A.  62,  M.  3845,  on  the  fifth  tlay  after  inoculation  appeared  to  show  slight  incoordination. 
Next  day  its  movements  were  distinctly  ataxic,  and  there  appeared  to  be  some  weakness 
in  one  arm  and  leg.  On  the  third  day  it  swayed  on  movement,  but  the  apparent  weakness 
of  the  arm  and  leg  had  disappeared.  On  the  fourth  day  it  was  much  the  same.  On  the  fifth 
day  the  hind  limbs  seemed  paretic  and  movements  were  very  shaky,  jumpy,  and  incoordinate. 
The  animal  fell  from  time  to  time  on  the  bottom  of  the  cage,  and  showed  violent  incoor- 
dinated  movements,  almost  convulsive  in  character.  The  animal  was  killed  with  chloroform. 

A.  i)4,  M.  3854,  after  an  incubation  period  of  seven  days,  seemed  jumpy  when  disturbed. 
Two  days  later  it  looked  anxious,  and  there  was  marked  incoordination  of  movement.  On 
the  fourth  day  it  was  lying  prostrate  on  the  bottom  of  the  cage.  It  moved  the  arms  and  legs 
but  the  movements  were  incoordinate  and  paretic.  Next  day  the  animal  could  not  sit  up 
or  even  hold  its  head  up,  and  the  head  was  slightly  retracted.  There  were  slight  irregular 
muscular  contractions  in  the  right  arm,  both  legs  and  the  tail.  Some  tone  was  still  retained 
in  the  limbs.    Chloroform  was  administered. 

A.  66,  M.  3860,  after  an  incubation  period  of  six  days,  had  an  anxious  expression  and 
its  movements  were  excessive  and  there  was  slight  incoordination.  Next  day,  in  addition, 
there  was  weakness  of  the  hind  limbs.  From  the  third  to  the  lifth  day  it  was  much  the  same, 
but  on  the  sixth  day  the  right  arm  was  apparently  paretic.  On  the  seventh  day  it  was 
worse,  but  could  still  jump  about  and  feed.  On  the  eighth  day  it  was  prostrate  on  the 
floor  of  the  cage,  and  there  seemed  to  be  almost  complete  paralysis.  On  the  eighth  day  the 
condition  was  woi-se,  though  the  limbs  were  not  absolutely  flaccid,  and  still  possessed  some 
tone.    The  animal  was  killed  by  chloroform. 

A.  72,  jNI.  3873,  after  an  incubation  period  of  eleven  days,  had  an  anxious  expression. 
For  the  next  two  days  its  condition  was  the  same,  but  on  the  fourth  day  there  was  ptosis 
of  both  eyelids,  slight  incoordination  of  movement,  and  dragging  of  the  left  leg.  On  the  fifth 
day  its  movements  were  markedly  incoordinate  and  jumpy,  and  there  were  slight  twitchings 
of  the  left  arm.  The  right  arm  and  leg  during  the  day  became  paretic.  On  the  sixth  day  it 
was  prostrate  on  the  bottom  of  the  cage,  and  the  right  side  seemed  paralysed.  This  was 
found  not  to  be  a  true  complete  paralysis,  as  there  was  some  resistance  to  passive  movement. 
The  knee-jerks  and  elbow-jerks  were  present.   The  animal  was  killed  with  chloroform. 

A.  78,  M.  3890,  after  an  incubation  period  of  ten  days,  had  a  slightly  anxious  expression 
and  seemed  more  excitable  than  its  healthy  fellow.  Next  day  it  was  markedly  ill  and 
apparently  intensely  sleepy.  There  was  definite  ptosis  on  both  sides,  but  more  decided  on 
the  left  side.  It  swayed  on  movement  and  struggled  violently.  On  the  third  day  it  was 
prostrate,  could  not  raise  its  head  or  sit  up.  There  was  no  head  retraction;  the  limbs  still 
possessed  tone.    Chloroform  was  administered. 

A.  87,  JM.  3900,  after  an  incubation  period  of  seven  days,  had  an  anxious  expression  and 
was  rather  jumpy.  Next  day  its  movements  were  very  incoordinate  and  it  had  two  convul- 
sions after  being  disturbed.  On  the  third  day  its  condition  was  worse,  and  towards  evening 
it  was  prostrate  on  the  bottom  of  the  cage,  and  when  disturbed,  violent  and  irregular  con- 
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vulsivo  mox  «Mn(iif  s  (Kciincd.  ( )ii  f  lir  fomt  li  day  il  was  st  ill  prostrate;  it  could  oidy  move  the 
arms  and  tail  a  little,  hut  some  toiu^  wa.sKtill  present  in  tlicni.  Chloroform  was  adminiKtered. 
A.  10(),  M. .'}()!  2,  after  a  ti  iiicuhaf  ion  period  of  nine  days,  had  a  slightly  anxious  expression. 
Next  day  its  eountenanee  was  still  sli^^htly  anxioiis-lookir)^,  and  there  was  decided  incooi- 
d  illation  and  exaggeration  of  ?noveinents.  On  t  he  t  hird  day  it  had  faijeii  to  t  he  hottoin  of  the 
cage,  and  could  only  raise  itst-lf  partly  and  tlien  struggled  round  with  convulsive;  move- 
ments. TJu*  h(>ad  hecanie  retracted.  On  the  fourth  day  the  animal  was  still  f)rostrate,  uttered 
occasional  harking  noises  and  had  head  retraction.  The  limhs  were  rather  rigid  and  there 
was  no  flaccid  paralysis  though  there  was  prohahly  some  paresis,  (.^hloroforin  was  adminis- 
tered. 

A.  110,  M.  3925,  after  an  incuhation  periorl  of  eleven  days,  had  an  anxious  (expression 
and  walked  somewhat  "gingerly."  Next  day  there  was  marked  incoordination,  and  it 
presented  a  somnolent  appearanee  at  times.  There  was  slight  tremor  of  the  arms  and  oc- 
casional tremors  of  the  head,  limbs  and  hands.  Next  day  the  head  was  somewhat  depressed 
on  the  chest  and  would  gradually  sink  lower  and  lower  as  if  the  animal  were  dropping  off 
to  sleep,  when  it  would  overbalance  and  struggle  incoordinately  round.  There  were  siiglit 
muscular  twitchings,  and  the  eyes  were  occasionally  turned  to  the  left;  there  was  drooping 
of  the  eyelids.  On  the  fourth  day  the  monkey  seemed  distinctly,  though  slightly,  better. 
There  was  an  inward  and  upward  squint  of  the  right  eye,  but  no  ptosis  of  either  lid.  It  was 
not  now  somnolent.  Its  movements  were  distinctly  incoordinate  and  violent.  There  was  no 
definite  paresis.  The  animal  looked  as  though  it  might  possibly  recover.  Chloroform  was 
administered  to  obtain  the  virus. 

A.  117,  M.  3937,  after  an  incubation  period  of  twenty-three  days,  was  found  prostrate 
on  the  bottom  of  its  cage.  On  being  disturbed  it  struggled  round  with  intense  incoordinate 
movements,  during  which  it  injured  itself.  It  uttered  short  sharp  barking  noises  from  time 
to  time.  It  could  not  sit  up  or  stand,  but  could  grip  hold  with  its  hands  and  feet.  On  the 
second  day  of  illness  it  was  quite  prostrate  but  conscious;  the  right  arm  seemed  paralysed, 
but  it  kicked  vigorously  with  both  hind  legs  and  the  left  arm.  On  the  third  day  of  illness, 
when  chloroform  was  administered,  the  right  arm  was  severely  paralysed  though  there  was 
still  some  slight  tone  in  the  biceps  and  very  slight  tone  in  the  flexors  of  the  forearm.  The 
left  arm  was  markedly  paretic  and  rather  rigid,  whilst  the  legs  were  rather  rigid  and  paretic. 
The  knee  and  back  muscles  seemed  also  paretic.   The  temperature  was  subnormal. 

A.  124,  M.  3952,  after  an  incubation  period  of  seventeen  days,  was  noticed  to  be  slightly 
"nervous."  Next  day  the  left  arm  and  leg  were  weak,  and  the  animal  was  still  "  nervous." 
On  the  third  day  the  left  arm  seemed  quite  paralysed  whilst  the  left  leg  and  the  hind-quarters 
were  weak.  It  did  not  seem  able  to  see  things  properly.  On  the  fourth  day  it  was  having 
convulsions  at  frequent  intervals,  lying  on  the  floor  of  the  cage  between  times.  On  the  fifth 
day,  that  in  which  the  animal  was  killed,  the  left  arm  seemed  completely  paralysed,  but  it 
could  grip  with  the  right  hand  and  both  feet.    The  temperature  was  subnormal. 

A.  129,  M.  39G7,  after  an  incubation  period  of  ten  days,  appeared  -'nervous'  with  in- 
coordination of  movement  and  some  paresis  of  the  left  arm.  Next  day  there  was  intense 
incoordination,  during  which  the  animal  injured  itself  against  the  sides  of  the  cage;  some  of 
its  muscular  movements  might  be  described  as  contortions.  On  the  third  day  of  illness  the 
left  arm  appeared  to  be  completely  paralysed,  and  there  was  indefinite  weakness  of  the 
right  arm.  Convulsions,  lasting  a  few  seconds,  occurred  from  time  to  time.  Incoorchnation 
was  intense.  On  the  fourth  day  the  animal  was  found  prostrate  on  th(>  bottom  of  its  cage 
apparently  dead.  Its  eyes  still  seemed  to  recognise  its  surroundings,  however,  whilst  there 
were  slight  indications  of  movement  at  the  ends  of  the  extremities.  The  temperature  was 
markedly  subnormal. 

Joum.  of  Hyg.  xvin  ~  ^ 
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Appendix  IV.     Denth  of  a  Monkei/  in  Ticelre  Days  from  Pdlkoyenic 
Infection  without  Co-existent  Evidence  of  Encef  halo- myelitis. 

A.  11,  M.  3801,  was  inoculated  on  February  12th,  with  material  from  A.  8,  M.  3783, 
which  was  killed  on  this  date.  A  day  later  A.  14,  M.  3805,  received  an  inoculation  containing 
the  same  virus  with  the  addition  of  serum  from  the  monkey  contributing  the  virus.  A.  14 
developed  encephalo-myelitis,  as  proved  by  final  histological  examination.  A.  I  1,  nine  days 
after  inoculation,  developed  symptoms  resembling  those  of  other  animals  infected  with 
this  disease.  It  died  four  days  later.  Histological  examination  showed  a  picture  obscured 
by  widespread  miliary  abscesses  in  which  micrococci  were  detected.  There  was  no  histo- 
logical eviilence  of  encephalo-myelitis.  As  portions  of  the  brain,  from  increased  intracranial 
pressure,  protruded  through  the  trephined  hole,  and  the  surface  wound,  in  consequence, 
had  re-opened  iifter  the  animal  became  ill,  complicating  septic  infection  was  expected. 
It  was,  however,  believed  at  the  time  that  the  hernial  protrusion  had  been  caused  by  the 
congestion  of  the  brain  due  to  the  development  of  encephalo-myelitis,  and  that  lesions  of 
this  disease  would  be  detected  as  well  as  those  of  the  secondary  infection;  such,  however, 
was  not  the  case.  The  interesting  speculation  arose  as  to  whether  histological  lesions  were 
really  present  but  were  overlooked  or  masked,  or  whether  the  pyogenic  infection  had  in 
some  way  destroyed  the  virus  of  encephalo-myelitis.  As  jigainst  the  first  of  these  views, 
it  may  be  noted  that  the  inoculations  made  from  A.  11  were  negative;  somewhat  in  favour 
of  the  latter,  and  as  tending  to  show  that  active  virus  was  originally  injected  into  A.  11, 
is  the  successful  result  witli  the  same  material,  used  on  the  following  day,  in  A.  14. 

Appendix  V.    Failure  in  Monkeys  of  Certain  Intracerebral  Inoculations 

of  Human  Material. 

Intracerebral  injections  of  emulsions  from  portions  of  the  brain  and  (or) 
spinal  cord  from  human  cases  failed  as  follows : 

A.  27,  M.  {Macacus  rhesus)  3801)  (from  Case  28,  J.  M.,  Narrabri,  dying  on  the  sixth 
day),  inoculated  with  the  glycerine  emulsion  of  the  upper  cervical  cord  treated  with  serum 
of  Case  30,  O'M,  1917  series,  a  supposed  recovered  case.  Inoculation  made  ten  days  after 
patient's  death. 

A.  28,  M.  (M.  rhesus)  3810,  inoculated  as  in  A.  27..  M.  3809,  but  the  glycerine  emulsion 
w^as  treated  with  a  normal  serum.   Inoculation  ten  days  after  patient's  death. 

A.  29,  M.  {M.  rhesus)  3819,  inoculated  with  tlie  same  material  as  A.  27,  M.  3809,  and 
A.  28,  M.  3810,  but  without  treatment  with  serum,  and  tw^enty-eight  days  after  the  death  of 
the  patient. 

A.  37,  M.  (i¥.  rhesus)  3811  (from  Case  6,  R.  M.,  Broken  Hill,  dying  on  the  fifth  day  of 
the  disease),  inoculated  with  a  glycerine  emulsion  of  portions  of  the  brain  and  spinal  cord 
after  transmission  through  the  post.   Inoculation  eight  days  after  patient's  death. 

A.  38,  M.  {M.  rhesus)  3812  (from  Case  7,  G.  B.,  Broken  Hill,  dying  on  the  fourth  day  of 
the  disease),  inoculated  with  a  glycerine  emulsion  of  portions  of  the  brain  and  spinal  cord 
after  transmission  through  the  post.   Inoculation  eight  days  after  patient's  death. 

A.  39,  M.  [31.  rhesus)  3830  (from  Case  18,  E.  C,  Broken  Hill,  dying  on  the  eighth  day  of 
the  disease),  inoculated  with  similar  material  to  A.  37,  M.  3811,  and  A.  38,  M.  3812.  In- 
oculation eleven  days  after  patient's  death. 

A.  40,  M.  {31.  rhesus)  3828  (from  a  supposed  case  in  Brisbane).  The  glycerine  emulsion 
of  the  brain  and  spinal  cord  was  inoculated  a  week  or  ten  days  after  the  patient's  death. 

A.  41,  M.  {31.  rhesus)  3831  (from  Case  54,  G.  S.,  Narrandera,  dying  on  the  12th  day  of 
the  disease).  Small  portions  of  the  brain  and  spinal  cord  were  transmitted  through  the 
post  in  glycerine,  and  inoculations  made  five  weeks  after  the  patient's  death. 


J.    H.  Cl.Kl.AND  AND  A.   W.  (^\MPliKLL  299 

A.  44,  M.  (Mncfinis  ci/notNohjus)  'AH2~>  (from  Cjihc  37,  A.  ('.  K.,  Bo^^abri,  dying  on  tho 
third  day  of  the  disease,  posl-moitein  next  day).  A  glycerine  emulsion  of  })or1ionH  of  the 
brain  and  spinid  eoi-d  was  inoculated  two  days  after  the  patient's  (h*atli. 

A.  45,  M.  (.]/.  r/irsus)  liH'M,  was  iiiociilalcd  with  the  same  material  as  A.  44,  M.  3825, 
twenty-nine  days  after  the  patient's  death. 

Annhjsis  of  llic  above  unsuccessful  results. 

Cask  28.  As  r(>gards  the  (wperiments  contingent  on  Case;  28,  .J.  M.,  Xarrabri,  of  the  two 
monkeys  used  for  the  inocuhitions,  one  monkey  (A.  28,  M.  3810)  was  two  months  later  suc- 
cessfully inoculated  with  the  disease  from  A.  50,  M.  3839,  under  the  designation  of  A.  55, 
I\r.  3848,  on  1(5/4/18.  It  would  therefore  appear  that  this  monkey  was  susceptible  to  the 
disease  and  that  it  had  not  been  protected  against  the  later  introduction  of  the  virus  by 
having  suffered  from  a  mild  but  unrecognised  attack  after  the  first  inoculation.  Only  a  very 
partial  post-mortem  examination  was  allowed  on  this  human  ease,  the  material  obtained 
being  curetted  from  th(»  upper  cervical  cord  through  a  small  incision  in  the  back  of  the  neck. 
Failure  in  the  inoculation  may  be  attributed  to  this  particular  area  of  the  spinal  cord  either 
not  containing  the  virus  (though  showing  the  characteristic  lesions),  or  containing  the  virus 
in  a  subinfective  amount.  The  treatment  of  the  emulsions  by  sera,  one  of  which  was  normal, 
cannot  be  considered  as  the  cause  of  failure,  inasmuch  as  A.  9,  M.  3785,  and  A.  10,  M.  3786, 
were  inoculated  with  emulsions  also  treated  with  sera,  and  these  monkeys  "took."  It  is 
of  course  possible  that  the  serum  of  the  supposed  recovered  case  of  the  previous  year  might 
have  protected  A.  27,  M.  3809,  had  the  virus  been  present.  The  normal  serum,  however, 
should  not  have  protected  A.  28,  M.  3810.  The  inoculations  were  made  ten  days  after  the 
patient's  death,  and  this  period  of  glycerinisation  may  have  been  responsible  for  the  failures. 
As  regards  A.  29,  M.  3819,  inoculated  with  the  glycerinated  material  untreated  by  serum, 
twenty-eight  days  after  the  patient's  death,  failure  may  have  again  occurred  either  because 
of  the  absence  of  the  virus  originally  in  the  material  used  or  on  account  of  the  long  period 
during  which  the  virus  had  been  exposed  to  the  influence  of  glycerine. 

Conclusions.  Failure  of  inoculations  from  Case  28,  J.  M.,  Narrabri,  may  be  attributed 
either  to  the  absence,  relative  or  complete,  of  the  virus  in  the  material  obtained,  or  to  the 
length  of  time,  ten  to  tw  enty-eight  days,  during  which  the  glycerinated  material  was  kept. 

Broken  Hill  and  Narrandera  Cases.  As  regards  the  four  cases  in  which  the  material  was 
transmitted  by  post,  we  did  not  take  this  material  ourselves,  and  it  is  possible  that  portions 
of  cerebral  tissue  containing  the  virus  were  not  selected.  The  material  came  in  blocks  in 
glycerine  during  the  warm  period  of  the  year,  and  exposure  to  the  late  summer  high  tem- 
perature may  have  destroyed  the  virus.  The  inoculations  were  made  in  two  instances  eight 
days  after  death  of  the  host,  in  one  eleven  days,  and  in  one  five  weeks.  As  the  patients 
died  on  the  4th,  5th,  8th  and  12th  days  of  the  disease  the  virus  should  have  been  still  present 
in  the  brain  or  cord  of  two  of  these  cases  at  least,  when  death  occurred. 

Conclusions.  Failure  in  these  four  cases  may  be  attributed  to  the  exposure  of  the  glycer- 
inated material  during  transit  for  several  days  to  the  high  temperature  of  late  summer — 
a  condition  inimical  to  the  keeping  quahties  of  vaccinia  virus  for  instance — or  to  the  period 
of  exposure  to  glycerine  after  death  of  the  patient,  which  was  eight  days  or  longer;  or 
possibly  to  infective  material  not  having  been  selected. 

Brisbane  Case.  As  regards  the  Brisbane  case,  the  material  was  obtained  by  a  colleague, 
Dr  Bradley,  so  that  portions  likely  to  contain  the  virus  were  selected.  The  glycerinated 
material  was  necessarily  kept  at  late  summer  temperature  during  transit,  and  was  inocu- 
lated a  week  or  ten  days  after  the  death  of  the  patient. 

Conchisions.  Failure  may  be  attributed  to  the  elevated  temperature  during  transit 
and  the  long  period  before  the  inoculation  was  made. 
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Case  37.  As  regards  the  matt  rial  tioiii  Case  'M,  A.  ('.  F.,  Hoggabri,  tin-  liist  monkey 
inoculated  was  M.  cynomolyu.s.  We  have  not  so  far  obtained  a  siicceKsful  result  in  the  few 
iJiooulations  we  have  made  into  this  species  of  monkey.  The  patient  died  on  the  third  day 
of  the  disease;  the  material  was  taken  next  tlay,  and  the  nionkey  (A.  44,  M.  3825)  waw 
inoculated  on  the  succeeding  day.  A.  45,  M.  (A/>  rhesus)  3837,  was  inoculated  twenty-nine 
days  after  the  patient  had  died;  that  it  was  not  immune  to  the  virus  was  shown  by  a  suc- 
cessful inoculation  six  weeks  later  (A.  72,  M.  3873). 

Conclusions.  Whilst  the  failure  of  A.  45,  M.  3837,  to  "take"  might  be  attributed  to 
the  length  of  time  that  had  elapsed  after  the  patient  had  died,  there  seems  no  explanation, 
except  perhaps  the  species  of  monkey  employed,  for  the  failure  of  A.  44,  M.  3825.  The 
material  used  in  the  glycerine  emulsion  was  obtained  from  the  frontal,  parietal,  occipital 
and  temporo-sphenoidal  regions  of  the  cerebrum,  and  from  the  cerebellum,  pons,  medulla, 
and  cervical,  dorsal  and  lumbar  regions  of  the  cord — that  is  fiom  parts  which  have  been 
successfully  employed  in  other  cases.  The  child  died  on  the  third  day  of  the  disease  before 
the  virus  could  be  expected  to  have  died  out.  A  post-mortem  was  made  on  the  day  after 
death — a  period  which  allowed  successful  results  in  other  cases.  The  tirst  inoculation  was 
made  only  two  days  after  death — that  is,  after  a  period  which  gave  success  in  other  cases. 

Appendix  VI.    Failure  in  Monkeys  of  Certain  Intracerebral  Inoculations 
of  Brain  and  Spinal  Cord  from  Monkeys. 

A.  17,  iM.  3830,  failed  to  develop  the  disease  when  inoculated  on  April  11th  with  material 
from  A.  8,  M.  3783,  which  material,  when  used  on  February  13th,  conveyed  the  disease  to 
A.  14,  M.  3805.  That  A.  17  was  not  immune  was  shown  by  its  successful  inoculation  later 
as  A.  55,  JM.  3848.  The  inference  is  that  the  virus  died  out  during  its  storage  as  a  glycerine 
emulsion  for  two  months. 

A.  18  and  A.  19.  These  two  experiments  are  discussed  under  the  sections  dealing  with 
the  influence  in  monkeys  of  the  treatment  of  the  emulsion  of  the  virus  with  various  sera. 
Though  the  serum  used  in  the  case  of  A.  19  may  have  afforded  protection,  the  "normal" 
human  serum  used  in  A.  18  cannot  be  expected  to  have  done  so  in  this  case.  The  source  of 
the  supposed  virus  used  in  the  experiments  on  A.  18  and  A.  19  was  A.  9,  M.  3785,  which 
had  an  unusually  long  incubation  period  of  eleven  to  thirteen  days,  and  a  prolonged  illness 
of  ten  or  eight  days.  It  is  possible  that,  by  the  time  this  monkey  was  killed,  the  virus  causing 
its  disease  had  died  out,  or  was  only  present  in  subinfective  amount.  This  would  explain 
the  failure  in  both  monkeys. 

A.  20  and  A.  21.  The  failures  in  these  monkeys  are  easily  explained,  inasmuch  as  there 
was  no  histological  evidence  that  the  source  of  the  virus,  A.  11,  M.  3801,  had  the  disease  at 
the  time  of  its  death. 

A.  IK).  The  failure  in  this  monkey,  when  its  fellow,  A.  117,  "'took,"  is  fully  discussed 
in  the  section  dealing  with  the  influence  of  various  sera  on  the  virus.  The  evidence  suggests 
that  it  was  protected  against  infection  by  the  serum  of  A.  89,  Sh.  3902,  which  had  had,  and 
perhaps  still  had  at  the  time  of  its  death,  the  disease  in  qutstion.  Another  explanation  of 
the  failure  is  that  the  strain  employed  had  undergone  a  phase  of  weakening  in  virulence, 
through  which  the  virus,  on  this  account  alone,  failed  to  infect  certain  individual  monkeys. 
Still  another  explanation  is  that  the  monkey  was  naturally  immune,  or  had  been  rendered 
artificially  immune  by  a  previous  intracerebral  injection  of  material  capable  of  causing 
immunity  but  not  of  producing  the  disease. 

A.  132.  This  monkey  is  the  same  animal  as  A.  lib.  It  failed  to  take  when  inoculated 
with  material  two  days  old  from  A.  129,  M.  3907,  which  might  reasonably  have  been  ex- 
pected to  convey  the  disease.    It  is  reasonable  to  suppose  that  artificial  immunity  had  been 
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estal)Iislu«(l  ill  this  in()iik<\v  l)y  1Ih>  iiiocnlaf ion  of  flu-  virus  (combined  witli  a  (prr.siirnod) 
imimmc  scrimi,  icfiMicd  to  uudci-  A.  I  l(i,  or  possibly  by  the  first  intraccn^ljral  inoculation. 
Su}nfii(iri/.    L'casonabic  explanationH  arc  forthcoming  for  the  failurcH  of  all  these  inocu- 
lations. 

Api'kn I) I  x  \  1 1 .    Failure  of  Intra'peritoneal  Inoculations. 

Intraporitoneal  inoculations  failed  in  animals  as  follows: 

A.  2,  M.  {Macariis  r/iesns)  .'{777.  Svvabbings  of  the  naso-pharynx  were  made  from 
several  contacts  of  Case  2(5,  .1.  (\  Ji.,  Xarrabri,  and  tlic  swabs  were  emulsified  in  a  glycerine 
solution.  The  patient  had  died  on  January  15th,  a  day  before  these  swabs  were  taken;  the 
glycerine  emulsion  was  inoculated  on  January  17th. 

A.  (),  M.  {M.  r/iesn.s)  .'{78 1.  From  Case  27,  A.  B.,  Narral)ri,  dying  on  the  thirrl  day  of  the 
disease.  Post-mortem  examination  next  day.  Inoculation  made  two  days  after  the  patient  s 
death  with  material  from  the  brain  and  spinal  cord. 

A.  24,  ]\I.  (M.  rhesus)  3798.  From  Case  28,  J.  M.,  Narrabri,  dying  on  the  sixth  day  of  the 
disease.  Post-mortem  examination  next  day.  A  glycerinated  emulsion  of  the  upper  part 
of  the  cervical  cord  inoculated  three  days  after  the  patient's  death. 

A.  67,  Sh.  3861.  From  A.  65,  Sh.  3855,  dying  with  typical  lesions  of  this  disease.  The 
glycerine  emulsion  of  the  brain  and  spinal  cord  inoculated  two  days  after  death. 

Auah/sis  of  Results.  From  A.  2,  M.  3777,  inoculated  from  the  swabbings  of  contacts 
of  a  case  of  the  disease,  nothing  is  to  be  learned. 

The  failure  of  A.  6,  M.  3781,  is  important,  inasmuch  as  A.  8,  M.  3783,  inoculated  intra- 
cerebrally  on  the  same  day,  and  A.  9,  M.  3785,  and  A.  10,  M.  3786,  inoculated  intracere- 
brally  on  the  next  day — all  took. 

The  failure  of  A.  24,  M.  3798,  must  be  considered  in  connection  with  the  failures  of  A.  27, 
M.  3809,  A.  28,  M.  3810,  and  A.  29,  M.  3819,  injected  intracerebrally.  The  period  after  death 
of  the  host  at  which  the  inoculation  took  place  in  this  monkey  was  only  two  days.  Even 
had  mfective  material  been  present  it  is  possible  that,  as  in  the  case  of  A.  6,  M.  3781,  the 
monkey  might  not  have  taken. 

A.  67,  Sh.  3861,  failed  to  take  intraperitoneally,  whilst  the  same  material  inoculated 
on  the  same  day  into  A.  66,  M.  3860,  took  intracerebrally.  That  this  sheep  was  not  naturally 
immune  is  shown  by  its  successful  inoculation  six  weeks  later  (A.  89,  Sh.  3902). 

Conclusions.  A.  6,  M.  3781  and  A.  67,  Sh.  3861,  show  that  infective  material  injected 
intraperitoneally  may  fail  to  convey  infection,  whilst  the  same  material  injected  intra- 
cerebrally may  be  successful. 

Appendix  VIII.    Failure  of  Intrasciatic  Inoculations. 

A.  4,  M.  3779,  was  inoculated  in  this  way  with  an  emulsion  of  the  throat  swabbings 
from  the  contacts  of  a  case.  The  animal  was  Macacus  cynomoJgus — a  species  in  which,  in 
the  few  inoculations  made  into  it,  we  have  been  so  far  unsuccessful  in  producing  the  disease. 
Further,  we  do  not  know  as  yet  whether  the  virus  is  frequently  present,  or  present  at  all, 
in  the  naso-pharynx  of  contacts  or  cases. 

A.  5,  M.  3780,  was  injected  with  an  emulsion  which  "'took"  on  the  same  date  by  intra- 
cerebral inoculation  in  the  case  of  A.  8,  M.  3783,  and  a  day  later  by  the  same  route  in  A.  9, 
M.  3785,  and  in  A.  10,  M.  3786. 

Appendix  IX.    Failure  of  Pasteur-Chamherland  F.  filtrates. 

All  these  inoculations  were  negative.  To  enable  the  material  to  pass  through  the  filter 
it  was  necessary  to  dilute  it  to  a  considerable  extent. 

A.  26,  M.  3807,  need  not  be  further  considered  inasmuch  as  the  inoculation  of  other 
material  from  the  same  case  failed  to  "take,"  and  hcnco  the  presence  of  the  virus  in  the 
material  as  used  was  not  established. 


1)02  Acute  EHrej)hah)-tnt/etit!s 

A.  12,  M.  3802,  was  inoculated  with  a  tiitratt';  from  the  ten  times  diluted  emulsion  of 
A.  8,  M.  3783,  on  the  day  of  this  aniniarK  death.  As  A.  14,  iVl.  3805,  inoculated  next  day 
with  the  same  emulsion,  diluted  with  an  equal  amount  of  monkey  serum,  developed  the 
disease,  the  virus  was  manifestly  present  in  the  emulsion  befoie  its  filtration. 

A.  54,  M.  384(),  was  inoculated  with  a  filtrate  obtained  from  an  emulsion  from  A.  50, 
M.  3839,  on  the  day  of  this  atiimal's  death.  As  A.  55,  M.  3848,  inoculated  next  day  with 
the  untreated  emulsion,  developed  the  disease,  the  virus  was  manifestly  present  in  the 
original  emulsion. 

Conclusion.  The  diluted  virus  has  been  proved  in  two  cases  not  to  pass  through  the 
pores  of  a  Pasteur-Chambeiland  F.  filter,  at  least  in  sufhci(>nt  quantity  to  produce  infection 
in  monkeys  by  the  intracerebral  injection  of  about  1  c.c.  of  filtrate. 

Appendix  X.    Failure  of  Cerehro-spinal  Fluid  to  Cause  Infection. 

A.  1,  M.  377(),  was  unaffected  by  the  intracerebral  injection  of  cerebro-spinal  fluid  taken 
from  a  fatal  case  on  the  second  day  of  illness  and  injected  two  da}'s  later. 

A.  32,  M.  3800,  inoculated  intracerebrally  four  days  afterwards  with  cerebro-spinal 
fluid  taken  from  a  fatal  case  on  the  third  day  of  illness,  failed  to  take. 

M.  3689,  was  inoculated  intraperitoneally  and  intrathecally  with  cerebro-spinal  fluid 
from  Case  28,  F.  R.,  of  the  1917  series. 

Appendix  XI.    Failure  of  a  Pasteur-Chamberland  F.  Filtrate  of  Faeces. 

A.  31,  M.  3779,  received  an  intracerebral  injection  of  a  Pasteur-Chamberland  F.  filtrate 
•of  faeces  obtained  from  Case  36,  J.  K.,  Boggabri.  It  remained  unaffected.  As  failures  have 
resulted  from  the  use  of  such  Pasteur-Chamberland  F.  filtrates  obtained  from  material 
known  to  be  virulent,  the  failure  in  this  case  teaches  us  nothing.  Attention  may  also  be 
called  to  the  fact  that  the  monkey  used  was  Macacus  cynomolgus,  a  species  to  which  we 
have  so  far  not  been  able  to  convey  the  disease. 

Summary.  The  failure  of  this  filtrate  leaves  open  the  question  as  to  whether  the  virus 
may  or  may  not  be  present  in  the  faeces. 

Appendix  XIT.    Failure  of  a  '' Noguchi  Cidture.'' 

An  attempt  was  made  to  grow  the  virus  from  monkey  material  according  to  Noguchi's 
method  for  spirochaetes  {J)il.  Exp.  Med.,  xvi,  1912,  p.  621). 

A  diffuse  cloud  appeared  in  one  of  the  original  cultures  which  otherwise  remained  sterile, 
and  this  material  was  inoculated  a  month  after  the  death  of  the  monkey  from  which  it  was 
obtained.  The  animal  remained  perfectly  well,  and  was  later  successfully  inoculated  with 
further  material. 

Summary.  Failure  resulted  from  the  inoculation  of  a  first  generation  of  a  presumed 
Noguchi  culture  a  month  after  the  death  of  the  monkey  from  which  it  was  made. 

Appendix  XIII.    Failure  in  Monkeys  of  Intracerehral  Inoculations  from 
the  Nasopharyngeal  Swabs  of  Contacts  and  of  a  Case. 

A.  3,  M.  3778,  was  inoculated  with  an  emulsion  in  glycerine  solution  of  the  nasopharyn- 
geal swabs  of  several  contacts  of  a  case,  and  A.  30,  M.  3797,  with  a  similar  swabbing  from 
an  actual  case  at  the  height  of  the  disease.  These  experiments  were  conducted  on  the  same 
animal,  which  happened  to  be  Macncus  cynomolgus,  a  species  to  which,  in  the  few  experi- 
ments we  have  made,  we  have  so  far  been  unsuccessful  in  conveying  the  disease.  Apart 
from  this,  the  method  adopted  was  not  one  that  entailed  any  concentration  of  the  virus. 
These  experiments,  therefore,  neither  prove  nor  disprove  the  possible  presence  of  the  virus 
in  the  nasopharynx  of  contacts  or  cases. 
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Appendix  XIV.    Fdihrre  in  a  Monkey  of  the  Intracerebral  Inoculation 
of  lira  in  (tnd  Spinal  Cord  front  a  Horse. 

A.  IL*.  'riiis  f.iilmc  flirows  no  lij^'lil  on  the  prcHciif  (liscaso.  A  horHC  died  at  Narrabri 
from  a  nervous  ('()in|)lainl.  wliicli  li.is  nol  Ixcn  show  n  <o  he  coniicclcd  in  ;iny  way  with  human 
cnc('|)hal()-iny(>lit  is. 

Appkndix  XV.    Failure  of  Intracerebral  Inoculation  of  an  EwMlsion 

<f  Foul  Ticks  (Argas  persicus). 

A.  4r{.  The  faihnc  in  this  jnonkcy  throws  no  li^dif  upon  the  disease  in  question.  The 
reason  wliy  an  inoeulation  was  made  of  an  emulsion  of  fowl  ticks  is  discMissed  in  tlie  section 
on  the  possibility  of  the  occurrence  of  an  intermediate  (invertebrate)  liost  of  tlie  virus  in 
our  full  official  report.  It  was  thought  possible  that  the  human  encephalo-myelitis  might  be 
due  to  some  parasite  transmitted  by  fowl  ticks,  such  as  the  spirochaete  producing  the 
spirochaetosis  of  these  birds. 

The  failure  of  the  monkey  does  not  support  any  such  contention,  though  it  docs  not 
necessarily  exclude  it. 

Appendix  XVI.  Failure  in  a  Monkey  and  a  Sheep  after  the  Introduction  of 
Horse  Serum  into  the  Spinal  Canal  and  Introduction  of  the  Virus  into 
a  Vein. 
The  animals  thus  dealt  with  comprise  A.  71,  M.  3872,  and  A.  76,  Sh.  3877.  The  virus 
in  each  instance  was  obtained  from  monkeys.  In  the  case  of  A.  71,  M.  3872,  the  virus  had 
been  kept  for  nine  days,  and,  though  no  positive  results  were  obtained  from  other  inocula- 
tions of  this  virus,  there  is  every  reason  to  consider  that  it  was  present  when  the  monkey 
yielding  it  was  killed.  In  the  case  of  A.  76,  Sh.  3877,  the  virus  was  a  day  old,  and  had  pro- 
duced a  successful  result  by  intracerebral  inoculation  on  the  previous  day  in  A.  72, 
M.  3873.  The  amount  of  the  virus  introduced,  about  0-5  c.c,  may  have  been  too  small  to 
produce  infection  by  this  route  in  either  animal.  Further,  as  regards  the  monkey  inoculation, 
the  virus  may  have  died  out  during  the  nine  days  in  which  it  was  kept  in  an  ice-chest; 
and,  as  regards  the  sheep  inoculation,  the  sheep  employed  is  shown,  under  the  designation 
A.  93,  to  have  been  naturally  immune  to  the  disease.  These  experiments,  therefore,  neither 
prove  nor  disprove  the  possibility  of  causing  infection  by  the  method  employed. 

Appendix  XVII.    Table  of  Sheep,  Calf  and  Horse  Inoculations. 
Positive  Results  ivith  Death. 


Source  of 

Date  of 

Incubation 

Days  of  illness 

No. 

virus 

inoculation 

period  in  days 

at  death 

A. 

52, 

Sh.  3839  b 

A. 

49,  M.  3835 

16/4/1918 

3 

3 

A. 

65, 

Sh.  3855 

A. 

55,  M.  3848 

7/5/1918 

6 

3 

A. 

80, 

Sh.  3892 

A. 

72,  M.  3873 

17/6/1918 

7 

5 

A. 

81, 

Sh.  3893 

A. 

72,  M.  3873 

17/6/1918 

12 

4 

A. 

89, 

Sh.  3902 

A. 

78,  M.  3890 

27/6/1918 

5  or  7 

30  (death  adventitious?) 

A. 

91, 

Sh.  3904 

A. 

78, M.  3890 

27/6/1918 

6 

1 

A. 

92, 

Sh.  3905 

A. 

78, M   3890 

27/6/1918 

4  (or  more) 

5  (or  less) 

A. 

98, 

Sh.  3910 

A. 

92,  Sh.  3905 

6/7/1918 

5 

5 

A. 

103, 

Sh.  3915 

A. 

87,  M.  3900 

7/7/1918 

9  (or  7) 

2  (or  4) 

A. 

105, 

Sh.  3917 

A. 

87,  M.  3900 

7/7/1918 

7  (or  less) 

3  (or  more) 

A. 

108, 

Sh   3920 

A. 

98,  Sh.3910 

16/7/1918 

() 

1 

A. 

109, 

Sh.  3921 

A. 

103,  Sh.3915 

18/7/1918 

9  (possibly  6) 

I  (possibly  4) 

A. 

121, 

Sh.  3941 

A. 

110, M.  3925 

2/8/1918 

5  or  7 

7  or  5 

A. 

57, 

Calf  3848  h 

A. 

50,  M.  3839 

25/4/1918 

5 

3 

A. 

95, 

Horse  3908 

A. 

78.  iM.  3890 

28/6/1918 

U 

3 
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ArPKNBix  XVI II.    Summary  of  Success/ id  Inoculations  in  Sheep, 

a  Calf  and  a  Horse. 

The  foregoing  table  (Appendix  XVII)  indicates  the  source  of  the  virus 
(whether  from  a  monkey  or  a  sheep),  the  date  of  inoculation,  the  incubatioTi 
period  and  the  duration  of  the  illness.  In  those  cases  in  which  previous 
inoculations  had  been  made,  details  will  be  found  in  the  section  dealing  with 
sheep  reinoculations. 

A.  52.  Sh.  o8.'{9  h,  after  an  incubation  period  of  three  days,  became  slightly  sick  and 
seemed  tt>  have  difficulty  in  getting  its  head  down  to  nibble  grass.  Next  day  the  animal 
was  restless;  its  legs  seemed  somewhat  rigid;  there  was  stiffness  in  the  neck,  and  the  head 
was  turned  to  one  side;  the  lower  jaw  quivered,  the  ears  twitched  and  the  animal  tended 
to  walk  in  a  circle,  and  took  fits  during  which  the  head  was  thrown  back  and  it  pawed  the 
air.  It  presented  much  the  same  symptoms  on  the  next  day  and  was  unconscious  on  the 
thirtl  day  of  illness  wlien  it  died — exactly  six  days  after  the  inoculation. 

A.  65,  Sh.  3855,  became  ill  after  an  incubation  period  of  six  days.  The  symptoms  con- 
sisted of  shallow  and  fairly  rapid  respirations,  some  stiffness  of  the  neck,  quivering  of  the 
nostrils  and  a  somewhat  slow  gait.  On  the  second  day  it  was  very  sick,  would  jump  round, 
fall  on  the  ground  and  struggle,  and  had  convulsive  movements.  It  died  on  the  morning 
of  the  third  day  of  illness. 

A.  80,  Sh.  3892,  after  an  incubation  period  of  seven  days,  became  ill,  holding  its  head 
down  and  lying  down  most  of  the  time.  Next  day  its  lips  were  quivering  and  the  head  was 
turned  to  one  side.  On  the  fourth  day  it  was  dribbling  from  the  mouth;  there  was  no  ap- 
parent paresis.  On  the  fifth  day  it  was  lying  on  its  side  with  the  head  thrown  slightly  back 
and  had  frequent  convulsive  movements.   At  this  stage  it  was  killed. 

A.  81,  Sh.  3893,  became  ill  on  the  twelfth  day.  It  ran  holding  its  head  high  and  breathing 
quickly.  The  ears  and  lips  were  twitching  slightly.  Its  temperature  was  100°  F.  Next  day, 
in  addition,  the  animal  tended  to  circle  round  holding  its  head  high.  On  the  fourth  day  it 
was  lying  on  its  side  with  the  head  somewhat  retracted.  It  manifested  convulsive  move- 
ments from  time  to  time  and  twitched  all  over. 

A.  89,  Sh.  3902,  showed,  on  the  fifth  day  after  inoculation,  rapidity  of  breathing,  pro- 
trusion of  the  tongue,  and  running  from  the  nose.  Next  day  it  was  still  breathing  quickly. 
On  the  seventh  d;iy  it  fell  down  on  one  occasion  and  struggled,  and  later  held  its  head  high 
and  made  "champing"  movements  of  the  head,  lips  and  jaws.  On  the  eighth  day  it  seemed 
well  again.  Twenty-one  days  after  the  inoculation  it  was  bled,  and  it  was  bled  again  thirteen 
days  later.  Two  days  after  the  last  bleeding  it  apparently  had  respiratory  trouble,  became 
worse  next  day,  and  died  thirty-eight  days  after  the  inoculation.  Typical  histological 
changes  were  present. 

A.  91,  Sh.  3904,  on  the  second  and  third  days  (excluding  the  day  of  inoculation)  seemed 
ill,  the  symptoms  suggesting  some  respiratory  trouble  following  the  anaesthetic.  On  the 
fourth  and  fifth  days  it  was  better.  On  the  sixth  day  it  was  not  feeding;  it  turned  slowly 
in  a  circle  and  then  fell  on  its  side  with  retraction  of  the  head  and  trembling  of  the  lips  and 
nostrils.  Convulsions  then  supervened  and  the  animal  seemed  unconscious.  The  respira- 
tions were  highly  irregular.    It  died  an  hour  after  the  manifestation  of  these  grave  signs. 

A.  92,  Sh.  3905,  on  the  fourth  to  the  sixth  day  after  inoculation  seemed  ill,  and  on  the 
last  of  these  days  had  a  mucous  discharge  from  the  nose.  On  the  seventh  day  its  temperature 
was  105°  F.  and  the  respii-ations  were  sometimes  rapid.  When  placed  on  its  legs  it  moved 
backwards  and  to  one  side  with  a  stiff  and  jerky  gait.  It  was  lying  down  most  of  the  time 
with  the  ears  twitching.   Next  day  it  was  much  the  same.   There  was  a  mucous  discharge 
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from  the  iioslrils  ;ui(l  vci\-  incLMil.ir  respirations,  and  occaHioiially  convulsive  ino\(inerifH. 
'I'lie  leiiiperaf  lire  reached   H)(»    V.    It  died  eaily  next  day. 

\.  \)H,  Sh.  ;{!H(),  l)ecanie  ill  on  the  fifth  day.  On  tlic  HJxth  day  the  tcmfx'raturc  was 
l()7-4''  F.  It  wasdrowsv  and  the  hreathing  was  ra|)id.  On  the  eighth  day  it  tended  to  circle 
towards  one  side  and  ran  into  ohjocts,  and  was  breathing'  rapidly.  On  the  ninth  day  it 
showed  convulsive  nio\  ('incuts  all  day.  and  died  diniuf^  the  ni^ht. 

\.  1(>.'{,  Sh.  'M)\'),  had  a  temperature  of  107"  F.  on  the;  sixth  day  hut  did  not  show  definite 
symptoms  until  tlie  ninth  day.  Its  temperature  now  was  104".  It  showed  occasional  twiteh- 
ings  and  was  breathing  rapidly,  and  died  on  the  tenth  day. 

A.  lOf),  Sh.  :J0I7,  had  a  t(>mperature  of  10G°  F.  on  the  fifth  day.  On  the  seventh  day  it  was 
dribbling  from  th(>  mouth  and  hardly  moved.  On  the  eighth  day  it  had  a  convulsion  and 
there  seemed  to  be  weakness  in  the  hind  legs.  On  the  ninth  day  there  were  continuous 
twitehings  of  the  nose  and  mouth,  and  it  died  during  the  following  night. 

A.  108,  Sh.  3920,  six  days  after  inoculation,  became  sick  and  had  rapid  respirations. 
The  same  evening  it  exhibited  "staggers,"  and  died  during  the  night. 

A.  109,  Sh.  3921,  between  the  second  and  eighth  days  showed  occasionally  rapid  breathing, 
but  no  other  definite  symptoms.  It  became  definitely  ill  on  the  ninth  day.  The  head  was 
retracted,  the  animal  circled  and  showed  twitehings  of  the  lips.  These  were  followed  by 
convulsive  movements  and  death. 

A.  121,  Sh.  3941,  on  the  fifth  day  after  inoculation,  was  breathing  fast.  Next  day  it  was 
not  taking  its  food  and  seemed  weak  and  the  temperature  was  raised.  Convulsive  move- 
ments appeared  on  the  seventh  day  after  inoculation  and  occurred  again  the  following  day. 
On  the  ninth  day  it  had  intense  convulsive  movements  lasting  for  about  an  hour,  together 
with  fine  quiverings  of  the  ears  and  eyelids,  twitehings  of  the  head  and  working  movements 
of  the  jaws,  and  very  irregular  breathing.  The  animal  seemed  unconscious  during  the  con- 
vulsive attacks.  When  these  had  passed  off  the  animal  could  only  stand  by  leaning  against 
some  support,  and  in  walking  it  swayed  from  side  to  side  dragging  one  hind  leg  a  little. 
Next  day  the  head  was  retracted  and  the  back  markedly  arched.  Respirations  were  irregular 
and  there  was  continual  grinding  of  the  teeth.  On  the  eleventh  day  after  inoculation  it  was 
lying  on  its  side.  The  head  was  slightly  retracted;  the  tail  and  back  legs  moved  on  stimula- 
tion.   The  animal  died  in  the  afternoon. 

A.  57,  Calf  3848  b,  first  showed  symptoms  five  days  after  inoculation,  when  it  kept  its 
head  dependent,  inclined  to  "go"  in  the  front  legs,  and  was  restless.  Next  day  there  was  a 
clear  discharge  from  the  nostrils.  On  the  third  day  of  illness  the  animal  was  walking  about, 
the  legs  were  weak  and  the  gait  tended  to  be  circular.  General  convulsive  seizures  then 
developed,  accompanied  by  rigidity  of  the  hmbs  and  muscular  tremors,  whilst  the  animal 
lay  on  its  side  with  the  head  markedly  retracted  and  the  back  arched.  It  was  possibly  un- 
conscious. After  the  convulsions  had  continued  for  about  twenty  minutes  the  animal 
became  fairly  quiet,  but  died  an  hour  later.  Typical  lesions  were  found  on  histological 
examination. 

A.  95,  Horse  3908,  on  the  ninth  day  after  inoculation  had  two  seizures,  during  which  it 
walked  round  towards  the  left.  Next  day  its  head  was  depressed,  and  on  moving  it  tended  to 
"go"'  towards  the  left  side  and  threatened  to  fall  on  this  side.  There  were  twitehings  of  the 
facial  muscles,  staring  eyes  and  apparently  partial  blindness.  On  the  third  day  (of  illness) 
the  animal  was  lying  on  its  right  side  with  the  head  drawn  to  the  left  and  manifested  irregular 
movements  of  the  left  fore  and  hind  limbs.  The  nostrils  were  working  and  the  mouth  at 
times  was  drawn  to  the  left  side.  Later,  intense  and  repeated  convulsions  developed  alter- 
nating with  short  quiescent  periods,  and  at  this  stage  the  animal  was  killed.  Histological 
examination  showed  typical  lesions. 
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Appendix  XIX.    Sheep  showing  no  Symptonis  after  an  Intracereh/al 
Inoculation  of  Brain  and  Spinal  Cord  from  Hintmn  (Uises. 

A.  35.  On  February  26th  this  sheep  was  inoculated  intracerebrally  with  material  from 
a  human  case  which  infected  A.  X\,  M.  .380.*J,  when  similarly  inoculated  on  February  l.'ith. 
Later  this  sheep,  untler  the  designation  A.  (if),  was  successfully  inoculated  from  a  monkey. 
This  shows  that  the  failure  in  the  first  inoculation  was  not  tlue  to  natural  immunity,  and  the 
inference  therefore  is  that  the  virus  had  died  out  during  the  thirteen  days  of  its  storage  in 
an  ice-chest  between  the  time  of  the  successful  inoculation  of  the  monkey  and  its  use  on 
this  sheep. 

A.  4<).  This  happens  to  be  the  same  sheep  as  A.  35,  and  as  is  thereunder  indicated  it  was 
finally  successfully  inoculated  under  the  designation  A.  65,  so  that  it  clearly  possessed  no 
natural  immunity  to  the  disease.  The  first  inoculation  was  made  on  April  Kith  with  material 
from  Case  37,  A.  C.  F.  (J.).  As  previous  inoculations  of  this  material  on  March  loth  and 
April  11th  into  monkeys  were  both  failures  there  is  no  evidence  that  the  virus  was  present 
in  the  materials  used  at  the  time  of  any  of  these  inoculations. 

Comment.  There  are  reasonable  explanations  for  these  failures. 

Appendix  XX.    Sheep  Shoiving  no  Symptoms  after  the  Intracerebral 
Inoculation  of  Brain  and  Spinal  Cord  from  Infected  Monkeys. 

A.  53  and  A.  84.  The  failure  in  these  experiments  is  discussed  in  the  section  dealing  with 
reinoculations.  In  these  animals  later  inoculations  were  successful,  and  reasonable  explana- 
tions are  given  for  the  initial  failures. 

A.  63  (93),  A.  69  (94),  A.  83,  A.  101,  A.  104.  These  experiments  are  also  discussed  in 
the  section  dealing  with  reinoculations.  The  evidence  indicates  that  these  sheep  were 
naturally  immune  to  the  disease. 

A.  75.  Death  occurred  on  the  fifth  day,  apparently  from  lung  trouble.  No  histological 
lesions  of  encephalo-myelitis  could  be  detected  though  convulsive  movements  on  the  fourth 
day  suggested  the  possibility  of  a  "take."  As  the  incubation  period  in  some  sheep  has  been 
apparently  as  short  as  three  days,  it  is  possible  that  this  animal  really  did  have  the  disease, 
but  died  before  recognisable  histological  changes  developed. 

A.  96.  The  inoculation  in  this  sheep  was  made  with  material  preserved  for  over  a  month 
in  glycerine  in  an  ice-chest  and  obtained  from  a  monkey.  In  the  fresh  state,  this  virus  con- 
veyed the  disease  to  a  monkey,  a  sheep  and  a  horse.  Failure  may  be  attributed  either  to 
the  length  of  time  the  material  was  preserved  or  to  natural  immunity. 

A.  106.  This  animal  died  from  post- anaesthetic  lung  trouble  five  to  six  days  after 
inoculation.  No  evidence  of  the  disease  was  detected  histologically,  though  it  might  or 
might  not  have  had  time  to  develop.   This  sheep  may  have  been  naturally  immune. 

A.  111.  Since  the  same  material,  as  was  used  in  this  experiment,  was  successful  on  the 
same  day  in  conveying  the  disease  to  A.  110,  INI.  3925,  the  failure  is  to  be  attributed  to  a 
natural  immunity. 

A.  122.  The  successful  results  in  A.  117,  M.  3937,  and  in  A.  121,  Sh.  3941,  on  the  same 
date  with  the  same  material,  indicate  that  natural  immunity  is  the  explanation  of  the  failure 
in  A.  122. 

Summary.  In  seven  of  these  sheep,  natural  immunity  seems  clearly  to  be  the  explanation 
of  the  failures.  In  two,  death  occurred  so  early,  from  complications,  that  the  disease,  if 
about  to  develop,  may  not  have  had  time  to  manifest  itself  or  produce  recognisable  lesions. 
In  one,  the  length  of  storage  of  the  virus  may  have  destroyed  its  activity.  In  the  other  two, 
reasonable  explanation  of  the  failures  are  given  elsewhere. 


J.    \\.  (^LKLANI)  AND  A.   W.  (UmPBELL  307 

ArrKNDix  X\l.    Sl/cfp  shoiritui  IK)  S//ttij)l<)nis  djlcr  ihc  I titracerebral 
I nocuhifioH  of  liniiu  (uid  Spintfl  (Urrd  from  / nfarfed  Sher/j). 

A.  ()S.  A.  I  I  I.  ,111(1  A.  I  I.").  Tlifsc  Ihicc  animals  arc  all  dJHCUHscd  in  tli«  section  dealing 
with  re-inoculations,  u  here  it   is  shown  llial   (licy  were  naturally  immune. 

A.  I2(i.  This  animal  failed  to  take  (lelinitcly  whilst  itH  fellow,  A.  I2r),H}iowed  symf)tomH, 
possihiy  duo  to  eiieeplialo-myelitiH,  and  recovered.  A.  120  may  have  enjoyed  natural 
immunity. 

Appendix  XXII.     Failure  in  a  Sheep  of  an  Intracerebral  Inon/lafio?!  of 
Dried  Brain  and  Spinal  Cord  from  a  Positive  Monkey. 

A.  77,  8h.  3878,  received  an  intracerebral  injection  of  emulsified  dried  brain  and  spinal 
cord  from  a  positive  monkey  eight  days  after  this  monkey's  death.  The  material  had  been 
dried  in  Petri  dishes  in  an  incubator. 

As  many  sheep  are  immune  to  intracerebral  inoculation  of  the  virus,  the  failure  in  this 
case  neither  proves  nor  disproves  the  possibility  of  the  virus  resisting  desiccation  for  eight 
days  at  incubator  temperature. 

Appendix  XXIII.    Failure  in  Sheep  of  a  Berkefeld  Filtrate 
from  a  Positive  Monkey. 

A,  no,  Sh.  3939,  and  A.  120,  Sh.  3940,  received  intracerebral  injections  of  a  Berkefeld 
filtrate  and  remained  unaffected,  whilst  inoculations  on  the  same  date  of  the  unfiltered 
emulsion  were  successful  in  conveying  the  disease  to  A.  117,  M.  3937,  and  A.  121,  Sh.  3941. 

One  of  these  sheep,  A.  119,  Sh.  3939,  received  a  further  inoculation  twenty-six  days  later, 
which  was  followed  a  week  later  by  symptoms  suggesting  slight  encephalo-myelitis  from 
which  the  animal  recovered.  There  is  reason  therefore  to  think  that  this  sheep  was  not 
naturally  immune. 

The  inference  to  be  drawn  from  these  experiments  is  that  the  virus  did  not  pass  through 
the  pores  of  the  Berkefeld  filter,  at  least  in  sufficient  quantity  to  induce  infection. 

Appendix  XXIV.    Failure  to  Convey  the  Disease  to  a  Sheep  by 

Intranasal  Swabbing. 

A.  70,  Sh.  3865,  had  the  inside  of  the  nostrils  vigorously  swabbed  with  an  emulsion  of 
the  brain  and  spinal  cord  of  A.  64,  M.  3854  and  was  unaffected  thereby.  A.  69,  Sh.  3864, 
inoculated  intracerebrally  with  the  same  material,  on  the  same  date,  failed  to  develop  the 
disease.  A.  71,  M.  3872,  seven  days  later  had  an  injection  of  horse's  serum  into  the  spinal 
canal  and  a  small  quantity  of  the  material  from  this  monkey  (A,  64)  introduced  into  a  vein. 
It  also  remained  well.  These  were  the  only  three  animals  receiving  inoculations  from  A.  64, 
M.  3854,  and  none  of  them  developed  the  disease.  Only  one  was  inoculated  intracerebrally, 
the  only  route  by  which  we  have  so  far  obtained  infections,  and  the  animal  so  inoculated 
was  a  sheep,  a  species  which  we  have  found  frequently  to  be  immune  to  the  virus  intro- 
duced by  this  route.  That  A.  70  was  not  immune  to  the  virus  was  shown  later,  under  the 
designation  A.  92,  Sh.  3905,  when  the  disease  was  successfully  conveyed  to  it. 

Comment.  The  result  of  this  experiment  neither  proves  nor  disproves  the  possibility 
of  infection  occurring  through  the  nose. 

Appendix  XXV.    Sheep  Reinoculations. 

For  various  reasons — economy  of  expensive  animals  and  testing  for  natural  immunity 
being  the  most  important — a  number  of  sheep  were  reinoculated.  The  animals  so  dealt  with 
were  fourteen  in  number.  They  may  be  divided  into  those  which  "took"  after  reinoculation 
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ami  thost'  in  which  rt'inoculations  were  unsuccessful,  l^nless  otherwise  stated,  the  inoculation 
was  intracerebral  and  the  material  used  an  emulsion  of  portions  r»f  the  hiairi  and  spinal 
cord.    There  w*'re  six  in  the  first  and  eight  in  the  second  j^roup. 

{a)    Successful'  Remoculations. 

A.  23,  Sh.  3816— A.  52,  Sh.  3839  h.  The  first  inoculation  was  made  on  February  2Gth 
with  material  from  A,  11,  M.  3801.  It  was  afterwards  found  by  histological  examination 
that  this  monkey  did  not  show  the  lesions  of  encephalo-myelitis.  The  later  successful  result 
by  the  inoculation  on  April  Kith  can  therefore  be  explained. 

A.  35,  Sh.  3817 — A.  46,  Sh.  3839  c — A.  65,  Sh.  3855.  The  first  inoculation  was  made  on 
February  26th  with  material  from  Case  38,  G.  IT.  From  this  human  case  A.  33,  jM.  3803,  had 
been  successfully  inoculated  on  February  13th.  The  second  inoculation  was  made  on  April 
16th  with  material  from  Case  37,  A.  C.  F.  (J.);  A.  44,  M.  3825,  was  unsuccessfully  inoculated 
on  March  15th  and  A.  45,  M.  3837,  on  April  11th  with  the  same  material.  The  successful 
result  of  the  inoculation  on  May  7th  from  a  monkey,  A.  55,  IVI.  3848,  may  be  explained  in 
connection  with  the  first  inoculation  by  the  view  that  the  glycerinated  virus  may  have  died 
out  in  the  ijiterval  of  a  fortnight  that  elapsed  between  the  successful  inoculation  in  the 
monkey  and  the  unsuccessful  one  in  this  sheep.  As  regards  the  second  inoculation  there  was 
no  evidence  by  the  two  monkey  inoculations  that  the  virus  was  present  in  the  material 
used. 

A.  53,  Sh.  3863 — A.  91,  Sh.  3904.  The  first  inoculation  was  made  with  material  which, 
though  originally  infective,  as  shown  by  positive  results  in  A.  50,  M.  3839,  and  A.  52, 
Sh.  3839  h,  had  been  conserved  in  the  ice-chest  for  a  month..  The  later  positive  result  is 
therefore  best  explained  by  supposing  that  the  first  virus  had  died  out  during  the  period  of 
its  storage. 

A.  67,  Sh.  3861— A.  77,  Sh.  3878— A.  89,  Sh.  3902.  The  first  inoculation  on  May  17th 
was  an  intraperitoneal  one  of  an  emulsion  from  a  positive  sheep,  A.  65,  Sh.  3855.  The  second 
experiment  was  on  June  7th,  and  consisted  of  the  intracerebral  injection  of  dry  brain  material 
from  A.  66,  M.  3860.  The  third  inoculation  was  made  on  June  27th  from  A.  78,  M.  3890. 
A  few  days  after  the  last  inoculation  it  seemed  sick  and  presented  a  few  slight  symptoms, 
possibly  indicating  a  mild  form  of  the  disease.  On  July  18th  blood  was  taken  under  an 
anaesthetic  and  it  was  bled  again  similarly  on  July  31st.  It  died  on  August  4th,  apparently 
from  lung  trouble  as  a  result  of  the  anaesthetic,  but  histological  examination  showed  the 
lesions  of  encephalo-myelitis,  possibly  in  an  early  stage  of  resolution.  Serum  from  the  blood 
taken  on  the  first  occasion  may  have  protected  A.  Ill,  Sh.  3922.  It  certainly  seems  as  though 
the  second  sample  of  blood,  when  mixed  with  the  virus  before  injection,  protected  A.  116, 
M.  3936. 

In  connection  with  the  first  injection,  which  was  into  the  peritoneum,  we  possess  as 
yet  no  evidence  that  this  is  a  successful  route  for  introducing  the  virus.  As  regards  the 
second  inoculation  which  was  with  dry  biain  material,  the  drying  may  reasonably  be  con- 
sidered as  having  destroyed  the  virus.  This  animal  cannot  therefore  be  considered  to  have 
been  proved  to  be  naturally  immune  to  the  disease  before  the  third  inoculation  with  its 
delayed  successful  result. 

A.  70,  Sh.  3865— A.  92,  Sh.  3905.  The  first  experiment,  performed  on  May  20th,  con- 
sisted in  swabbing  the  nose  with  an  emulsion  from  A.  64,  M.  3854.  The  successful  result, 
therefore,  of  the  intracerebral  inoculation  on  June  27th  can  be  explained  by  the  first  pro- 
cedure not  having  been  a  reliable  method  for  obtaining  infection. 

A.  84,  Sh.  3896 — A.  109,  Sh.  3921.  The  first  inoculation  was  made  with  tissues  from  the 
frontal  and  occipital  regions  only  of  the  monkey  yielding  the  virus.  The  general  emulsion 
of  the  brain  and  spinal  cord  of  this  monkey  gave  positive  results  in  A.  78,  M.  3890;  A.  80, 
Sh.  3892;  and  A.  81,  Sh.  3893.   The  second  inoculation,  which  was  successful,  was  with  the 
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mixed  emulsion  of  l.i.iiii  and  spinal  eoid  from  an  infected  Hlu^cp.    'I'lic  failuro  of  the  first 
inoculation   may  Ix-  e\|tlaine(l   li\-  absence,  relative  oi-  complete,  of  virus  in  the  mateiial 

usi'd. 

{!))     I ' n.sKrcc.ssfiil    liciiinnihiliotis. 

A.fK^Sh.l^Sa.'l  A.7<;,Sh.:{S77— A. !).'{,  Sh.  :}!MM;  A.  JIT),  Sh.  .'{iK'51.  The  lirst  inoculation 
was  made  on  .May  .">rd  fri.m  a  positive  moiikoy,  A.  02,  M.  :{84r>.  The  second  cxperiinent, 
performed  on  .May  .'Mst,  consisted  of  lumbar  puncture  with  the  intraHj)inal  injection  of  2  c.(r. 
of  antimeninL'ococcal  serum,  to^'cther  with  an  injection  into  a  vein  of  Ooc.c.  of  virus  from 
A.  ()(),  M.  ;{S()().  The  third  cxpciimcnt,  on  dune  27th,  conHiHtcd  of  the  intracerebral  injection 
of  a  sahne  emulsion  of  the  medulhi  of  A.  78,  M.  :J8J)0.  The  companion  sheep,  A.  02,  Sli.  .'{DOo, 
similarly  injc^eted  at  the  same  time,  gave  a  positive  result.  Th(!  fourth  inoculation  was 
made  on  duly  29th  from  a  positive  case  in  a  sheep,  A.  109,  Sh,  3921.  It  is  clear  that  the 
matiMial  us(mI  for  the  third  inoculation  contained  the  virus  at  tlie  time  it  was  used,  while 
it  is  almost  certain  that  the  virus  was  also  present  in  the  mat(;rial  used  for  the  first  and  fourtli 
inocidations  though  there  were  no  control  animals  to  prove  this  conclusively.  The  technique 
of  the  second  operation  cannot  be  considered,  as  yet,  a  proved  method  of  obtaining  infection. 
These  results  suggest  that  the  sheep  has  a  natural  immunity  to  the  virus,  which  even  the 
actual  introduction  of  the  virus  into  the  brain  cannot  break  down. 

A.  ()8,  Sh.  38()2— A.  80,  Sh.  3879— A.  90,  Sh.  3903.  The  first  inoculation  was  on  May  1 7th 
with  material  from  a  positive  sheep,  A.  05,  Sh.  3855.  The  second  inoculation  was  on  June 
7th  with  material  from  A.  75,  Sh.  3870.  A.  75,  Sh.  3870,  died  four  days  after  inoculation 
and  histological  examination  of  its  brain  and  spinal  cord  was  negative.  The  third  inoculation 
was  on  June  27th  wdth  virus  from  A.  78,  M.  3890,  which  "took"  in  the  companion  sheep 
A.  89,  Sh.  3902;  A.  91,  Sh.  3904;  and  A.  92,  Sh.  3905.  As  regards  the  first  inoculation  we 
know  from  A.  00,  M.  3800,  that  the  virus  was  present  on  the  date  of  inoculation.  We  also 
know,  as  indicated  above,  that  the  virus  was  present  in  the  material  used  for  the  third 
inoculation.  This  animal  would  seem,  therefore,  to  have  possessed  a  natural  immunity  to 
the  disease. 

A.  09,  Sh.  3804— A.  94,  Sh.  3907.  The  first  inoculation  was  made  on  May  20th  with 
material  from  A.  04,  M.  3854.  The  second  inoculation  was  made  on  June  27th  and  consisted 
of  an  emulsion  of  the  frontal  and  occipital  regions  of  the  brain  of  A.  78,  M.  3890.  As  regards 
the  first  inoculation  we  have  no  proof — by  means  of  a  control  successfully-inoculated  animal 
— that  the  virus  was  present  in  the  material  used,  but  inasmuch  as  this  monkey  presented 
the  typical  histological  appearances  of  the  disease,  there  is  every  reason  to  suppo.se  that  the 
virus  was  present.  As  regards  the  second  inoculation,  we  have  no  proof  that  the  virus  is 
consistently  present  in  the  frontal  and  occipital  areas  of  the  brain,  though  histological 
examinations  of  affected  animals  would  suggest  that  it  is  so,  at  least  frequently.  This  sheep 
therefore  also  seems  to  have  possessed  a  natural  immunity. 

A.  83,  Sh.  3895— A.  114,  Sh.  3933.  The  first  inoculation  was  made  on  June  17th  with 
material  from  A.  72,  M.  3873,  companion  sheep,  namely,  A.  80,  Sh.  3892  and  A.  81,  Sh.  3893. 
giving  positive  results.  The  second  inoculation  was  made  on  July  29th  from  a  positive 
sheep,  A.  109,  Sh.  3921.  A  companion  animal  of  this  last  inoculation,  which  was  also  a 
previously  inoculated  animal,  likewise  remained  unaffected,  so  that  there  was  no  control 
successful  case  for  the  second  inoculation.  The  results  of  these  two  inoculations  seem  to 
show  again  a  natural  immunity  in  this  animal. 

A.  101,  Sh.  3913— A.  125,  Sh.  3948.  The  first  inoculation  was  made  with  material  which 
successfully  conveyed  the  disease  to  A.  100,  M.  3912;  to  A.  103,  Sh,  3915:  to  A.  105,  Sh.  3917; 
and  probably  to  A.  102,  Sh.  3914,  which  recovered.  The  virus  was  therefore  evidently  present 
in  the  material  used  on  A.  101,  Sh.  3913.  The  second  inoculation  was  with  material  obtained 
from  a  positive  sheep,  A.  121,  Sh.  3941.  Decomposition  was  commencijig  in  the  carcase  when 
the  tissues  were  obtained  for  inoculation  purposes.   On  the  fourth  and  fifth  days  the  inocu- 
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latetl  animal  whovved  slight  symptoms  suggestive  of  encephalo-myelitis  but  recovered. 
riiocuhitions  of  the  same  material  on  the  same  day  into  another  sheep,  a  ealf,  and  a  monkey 
(Macaciis  cynomoUjius)  were  negative.  The  results  of  these  experiments  again  suggest  a 
natural  immunity,  not  perhaps  eomplete  or  varying  from  time  to  time  in  degree. 

A.  104,  Sh.  3910  A.  12(),  Sh.  3940.  The  same  remarks  apply  to  A.  104,  Sh.  ;i91(), 
regarding  the  first  inoculation,  as  to  the  above-mentioned  A.  101,  Sh.  liOl.'J,  the  successful 
experiment  in  A.  lO.'i,  Sh.  3915,  being  an  exact  counterpart.  The  second  inoculation  was 
also  with  the  same  material  as  was  used  on  the  above  A.  125,  8h.  3948,  but  no  illness  resulted. 
Natm-al  immunity  to  the  virus,  as  evidenced  by  the  first  inoculation,  seems  to  be  again 
evident  in  this  animal. 

A.  119,  Sh.  3939— A.  130,  Sh.  3968.  The  first  inoculation  was  with  a  B<.'rkefeld  filtrate 
of  material  which,  unfiltered,  conveyed  the  disease  to  A.  117,  M.  3937,  and  to  A.  121,  Sh. 
3941.  After  the  second  inoculation,  with  monkey  material  that  successfully  conveyed  the 
disease  to  A.  129,  IM.  3967,  an  illness,  probably  encephalo-myelitis,  developed,  from  which 
the  sheep  recovered.  The  inference  drawn  from  these  experiments  is  that  the  virus  was  not 
present,  ixc  was  only  present  in  subinfective  amount,  in  the  filtrate  used. 

A.  120,  Sh.  3940— A.  131,  Sh.  3969.  These  were  parallel  inoculations  to  those  in  the 
previous  case.  A  possible  mild  attack  of  encephalo-myelitis  followtKl  the  second  inoculation. 
The  same  comment  applies. 

Inferences  draw7i.  As  regards  the  six  sheep  in  which  the  final  inoculations  were  successful, 
there  seem  to  be  valid  reasons  why  the  first  were  unsuccessful. 

As  regards  the  unsuccessful  reinoculations,  in  the  cases  of  the  first  three  sheep  the  presence 
of  a  natural  immunity  to  the  introduction  of  the  virus  into  the  brain  seems  to  be  reasonably 
established.  As  regards  the  fourth  sheep,  there  appears  to  be  evidence  of  a  natural  immunity, 
perhaps  not  complete  or  varying  in  degree  from  time  to  time.  The  last  two  sheep  suggest 
that  the  virus  is  held  back,  completely  or  to  a  large  degree,  by  the  pores  of  a  Berkefeld  filter. 

Appendix  XXVI.  (a)  Calves  slwiving  Symptoms  of  Illness,  possibly  due  to 
Encephalo-myelitis,  after  Intracerebral  Inoculation  of  Material  from  the 
Brain  and  Spinal  Cord  of  a  Positive  Monkey  or  a  Positive  Horse. 

A.  88.  On  June  27th  this  calf  was  inoculated  intracerebrally  with  material  from  a  monkey 
which  successfully  conveyed  the  disease  on  the  same  date  to  A.  87,  M.  3900;  A.  89,  Sh.  3902; 
A.  91,  Sh.  3904;  A.  92,  Sh.  3905;  and  A.  95,  Horse  3908. 

On  July  1st  the  calf  was  sick  and  staggered,  being  especially  weak  in  the  hind  legs.  In 
the  afternoon  shivers  were  noticed  in  the  hindquarters.  On  July  2nd  it  was  very  sick.  It 
kept  its  head  down,  tended  to  walk  in  a  circle,  was  very  jerky  on  its  legs,  and  stifT  in  the  hind- 
quarters and  drowsy.  In  the  evening  it  had  convulsive  movements,  during  which  it  bellowed, 
jumped  in  the  air,  fell  down  and  struggled,  and  appeared  to  be  unconscious.  On  July  3rd 
its  hind  legs  swayed  on  movement,  and  it  seemed  weak  and  fell  down  at  times.  Next  day 
it  was  better  and  could  get  up  by  itself  from  the  ground,  and  was  apparently  almost  normal 
in  behaviour.  On  July  5th  it  could  walk  about,  but  swayed  slightly  on  movement.  On  July 
7th  it  was  in  much  the  same  condition,  though  it  had  occasional  convulsive  seizures,  and 
was  not  inclined  to  "play."  It  swayed  a  little  on  movement  and  there  were  occasional 
twitchings  in  one  hind  leg.  On  July  12th  it  was  lying  down  and  seemed  drowsy.  On  July 
14th  it  developed  diarrhoea,  which  continued  for  about  a  fortnight,  but  from  which  it 
eventually  recovered. 

Considering  the  success  of  the  material  used  in  other  animals,  and  the  nature  of  the 
symptoms  manifested,  there  seems  little  doubt  that  this  calf  had  a  mild  form  of  encephalo- 
myelitis, from  which  it  recovered. 

A.  107.  On  July  10th  this  calf  was  inoculated  intracerebrally  with  material  from  A.  95, 
the  successfully  inoculated  horse.  It  seemed  ill  two  days  later,  and  on  July  13th  seemed  very 
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sick.  Oil  .Inly  Utii  it  was  wcaU  and  "wolthly^'  on  the  Ic^'s  hut  ot Ik  rwisc  normal.  On  July 
H)thit  was  l)ct  tcrand  th(Mvaf(cr.show('(l  no  signs  of  illness  until  AuyuHt  lltli,  when  it  received 
anotluM-  inoculation  (ride  infra  A.  127). 

It  is  possible  that  tlu-  slight,  symptoms  shown  were  due  to  a  mild  atta(;l<  of  cnccijhalo- 
myclitis  from  which  the  animal  rcco\-ere(l. 

(/>)   (  Udf  shonnuq  no  Sf/fttp/oms  after  Inlracerrhral  inoculation  (a  necond  inocula- 
lion)  of  Hnt'ni  and  Spinal  Cord  from  a  Positive  Sheej). 

A.  127.  This  calf  is  the  same  animal  as  has  just  been  refeired  to  under  the  designation 
A.  107.  The  second  inoculation  was  made  on  August  14th  and  t  Ik;  calf  showed  no  symptcmiH 
which  could  be  attributed  to  encephalomyelitis  as  the  result  of  this  inoculation. 

It  is  possible  that  the  lirst  inoculation  had  rendered  the  animal  immune;  to  the  later 
introduction  of  virus. 

Appendix  XXVII.    Failure  to  Convey  the  Disease  to  Dogs. 

Inoculation  into  A.  34,  Dog  3800,  failed  on  February  14th,  while  a  monkey,  A.  33, 
M.  3803,  inoculated  the  day  before  with  the  same  material  developed  the  disease. 

A.  ](>,  Dog  3813,  w^as  inoculated  on  February  21st  with  material  from  A.  8,  M.  3783, 
and  failed  to  take,  whilst  A.  14,  I\I.  3805,  inoculated  on  February  13th  with  the  same  material 
developed  the  disease.  During  the  eight  days  that  elapsed  between  these  inoculations,  the 
virus  may  possibly  have  died  out. 

A.  56,  Dog  3847,  was  inoculated  from  A.  50,  M.  3839,  unsuccessfully,  whilst  A.  55, 
M.  3848,  inoculated  on  the  same  day  with  the  same  material  developed  the  disease.  This 
dog  was  the  same  animal  as  A.  16. 

A.  97,  Dog  3909.  This  was  a  third  attempt  to  inoculate  the  animal  shown  as  A.  16  and 
A.  56.  This  time  fresh  material  from  a  positive  sheep  was  used  for  the  intracerebral  inocu- 
lation.  The  result  was  again  negative. 

Comment.  It  is  clear  that  in  three  of  these  inoculations,  if  not  in  all,  the  material  used 
contained  the  virus.  The  dog  has  therefore  not  been  shown  to  be  susceptible  to  the  disease. 

Appendix  XXVIII.     Failure  to  Convey  the  Disease  to  a  Kitten  by 

hitracerebral  Inoculation. 

A.  79,  Kitten  3891,  received  an  intracerebral  inoculation  of  an  emulsion  of  brain  and 
spinal  cord  from  A.  72,  M.  3873,  and  remained  perfectly  well  afterwards,  whereas  A.  78, 
M.  3890,  inoculated  on  the  same  day  with  the  same  material  developed  the  disease. 

Appendix  XXIX.    Failure  to  Convey  the  Disease  to  Rabbits. 

A.  58,  Rabbit  3849,  was  inoculated  from  A.  50,  M.  3839,  and  failed  to  take.  A.  55, 
M.  3848,  inoculated  with  the  same  material,  the  day  before,  developed  the  disease. 

A.  73,  Rabbit  3874,  inoculated  from  A.  66,  M.  3860,  failed  to  take,  whilst  A.  72,  M.  3873, 
inoculated  on  the  same  day,  developed  the  disease. 

Sum /lift ri/.  Two  rabbits  inoculated  with  material  shown  to  contain  the  virus  did  not 
contract  the  disease. 

Appendix  XXX.    Doubtful  Results  in  Guinea-pig  Inoculations. 

Two  guinea-pigs,  A.  60,  Gp.  3851,  and  A.  74,  Gp.  3875,  were  inoculated.  In  the  case  of 
the  first  the  material  was  obtained  from  a  monkey  the  day  after  the  same  material  conveyed 
the  disease  to  A.  55,  M.  3848,  and  A.  57,  Calf  3848/'.  In  the  case  of  the  second  guinea-pig,  the 
material  used  gave  a  positive  result  when  inoculated  on  the  same  day  into  .\.  72,  M.  3873. 
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A.  60,  Gp.  3851,  six  days  after  the  inoculation  was  very  sluggish  and  its  hind  legs  seemed 
slightly  weak,  and  on  the  following  day  it  hardly  moved  at  all.  It  died  on  the  third  day  of 
illness.  Histological  examination  showed  some  slight  changes  which  might  or  might  not 
be  interpreted  as  evidence  of  a  very  mild  form  of  encephalomyelitis.  The  second  guinea- 
pig,  A.  74,  Cp.  3875,  remained  apparently  well  until  nearly  a  month  after  the  inoculation, 
when  its  head  was  somewhat  retracted  and  it  could  not  raise  itself  up  or  walk.  It  died  during 
the  tirst  day  of  this  illness.  Histological  examination  cigain  showed  some  slight  changes 
though  these  were  probably  not  due  to  encephalo-myelitis. 

Summary.  One  guinea-pig  showed  symptoms  and  histological  lesions  which  might  or 
might  not  be  attributable  to  a  very  mild  form  of  encephalo-myelitis.  The  second  guinea-pig 
probably  gave  a  negative  result. 

Appendix  XXXI.     Failure  to  Convey  the  Disease  to  a  Hen  by 
Intracerebral  Inoculation. 

A.  118,  Hen  3938,  received  an  intracerebral  inoculation  of  material  from  A.  110,  M.  3925, 
and  remained  perfectly  unaffected  whilst  a  monkey  and  a  sheep  inoculated  on  the  same  day 
with  the  same  material  developed  the  disease.  This  inoculation  was  specially  made  into  a 
hen  on  account  of  the  possibility  of  the  human  disease  being  the  same  as  the  spirochaetosis 
of  fowls  so  common  in  the  affected  districts. 

Summary.  Virulent  material  failed  to  convey  the  disease  to  a  hen  by  intracerebral 
inoculation. 

Appendix  XXXII.    Table  showing  the  various  Animal  Inoculations. 

(Unless  otherwise  stated,  the  inoculations  were  made  intracerebrally  and  the  material 
comprised  portions  of  the  cortex  of  the  cerebrum,  pons,  medulla,  and  spinal  cord.  +  means 
a  successful  result,  -  means  an  unsuccessful  result,  and  a  blank  indicates  that  the  inoculated 
animal  died  too  soon  to  allow  manifestations  of  the  disease  to  appear,  supposing  the  virus 
had  been  transmitted.  M.  =^  monkey,  Sh.  =  sheep,  in.  =  inoculated,  d.  =  died,  k.  =  killed. 
Numbers  in' brackets  [e.g.  (A.  33)]  mean  that  the  animal  so  referred  to  received  other  in- 
oculations under  such  designations.   Roman  figures  represent  generations.) 

Case  26,  J.  C.  B.,  Narrabri. 

(Ill  four  days;  cerebro-spinal  fluid  taken  14/1/1918;  swabbings  of  contacts  taken  16/1/1918; 
patient  died  15/1/1918.) 
A.  1  (A.  33),  M.  3776  (  -  ),  cerebro-spinal  fluid  (in.  15/1/18). 
A.  2  (A.  13),  M.  3777  (  -  ),  nasopharyngeal  swabs,  intraperitoneal  (in.  17/1/18). 
A.  3  (A.  30,  A.  44,  A.  51),  M.  3778  (  -  )  nasopharyngeal  swabs  (in.  21/1/18). 
A.  4  (A.  22,  A.  31),  M.  3779  (  -  ),  nasopharyngeal  swabs,  into  sciatic  nerve  (in.  22/1/18) 

Case  27,  A.  B.,  Narrabri. 

A.  5  (A.  21),  M.  3780  (  -  ),  into  sciatic  nerve  (in.  29/1/18). 
A.  6  (A.  20),  M.  3781  (  -  ),  intraperitoneal  (in.  29/1/18). 
A.  7,  M.  3782. 

A.  8,  M.  3783  (  +  ),  (in.  29/1/8;  ill  7/2/18;  k.  12/2/18). 
A.  9,  M.  3785  (  +  ),  (in.  30/1/18;  ill  11/2/18;  k.  21/2/18). 
A.  10,  M.  3786  (  +  ),  (in.  30/1/18;  ill  14/2/18;  k.  16/2/18). 

From  A.  8,  M.  3783,  (in.  29/1/18;  k.  12/2/18). 
II.     A.  11,  M.  3801  (  -  ),  (in.  12/2/18;  d.  with  miliary  abscesses  25/2/18) 
A.  12,  M.  3802  (  -  ),  Pasteur-Chamberland  F.  filtrate  (in.  12/2/18). 
A.  13  (A.  2),  M.  3804. 
A.  14,  M.  3805  (  +  ),  (in.  13/2/18;  iU  22/2/18;  d.  25/2/18). 
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A.  15,  Do^r  :{.s(»s. 

A.  l(i,  Do.i,'  :{S|:{  {    -  ),  (in.  21/2/IH). 

A.  17  (A.  ()l).  M.  'AH'Mt  (   -  ),  material  krpt  (w.)  months  (in.  I  1/4/18). 

Fnw,  A.  <>,  M.  :{7S.->,  (in.  30/1/18;  k.  21/2/18). 
A.  18  (A.  27),  M.  3823  (  -  ),  (in.  15/3/18). 
A.  I!)  (A    2(;).  M.  3824  (  -  ),  (in.  15/3/18). 

From  A.  II.  M.  3801,  (in.  12/2/18;  d.  from  miliary  ah.scos.sos  25/2/18). 
A.  20  (A.  (J),  M.  .3814  (  -  ),  (in.  27/2/18). 
A.  21  (A.  5),  M.  3SI5  (  -  ),  (in.  27/2/18). 
A.  22  (A.  4,  A.  31),  M.  3818. 
A.  23  (A.  52),  Sh.  381()  (  -  ),  (in.  2G/2/18). 

Case  28,  J.  M.,  Narrabri. 

(Ill  six  (lays;  cUod  6/2/18;  cervical  cord  and  adjacent  part  of  brain  only  used.) 

A.  24  (A.  29),  M.  3798  (  -  ).  intraperitoneal  (in.  9/2/18). 

A.  25,  M.  3799  (abscess  in  five  days). 

A.  26  (A.  19),  M.  3807  (  -  ),  Pasteur-Chamberland  F.  filtrate  (in.  15/2/18). 

A.  27  (A.  18),  M.  3809  (  -  ),  treated  with  serum  (in.  16/2/18). 

A.  28  (A.  43,  A.  55  +  ),  M.  3810  (  -  ),  treated  with  serum  (in.  16/2/18). 

A.  29  (A.  24),  M.  3819  (  -  ),  (in.  6/3/18). 

Case  36,  J.  K.,  Boggabri. 

(lU  five  days;  died  8/2/18,) 
A.  30  (A.  3,  A.  44,  A.  51),  M.  3797  (  -  ),  nasopharyngeal  swab  (in.  9/2/18). 
A.  31  (A.  4,  A.  22),  M.  3779  (  -   ),  filtrate  of  faeces  (in.  9/2/18). 
A.  32  (A.  41,  A.  42),  M.  3800  (  -  ),  cerebro  spinal  fluid  (in.  11/2/18). 

Case  38,  G.  H.,  Wee  Waa. 

(lU  two  days;  died  midnight  11-12/2/18.) 

A.  33  (A.  1),  M.  3803   (  +  ),  (in.  13/2/18;  ill  25/2/18:  k.  2/3/18). 

A.  34,  Dog  3806  (  -  ),  (in.  14/2/18). 

A.  35  (A.  46,  A.  65  +  ),  Sh.  3817  (  -  ),  (in.  26/2/18). 

From  A.  33,  M.  3803  (k.  2/3/18). 

II.    A.  36  (A.  62  +  ),  M.  3834  (  -  ),  Noguchi  culture  (in.  4/4/18). 

Broken  Hill  Cases. 

A.  37  (A.  39,  A.  66  +  ),  M.  3811  (  -  ),  case  6;  patient  ill  five  days;  d.  13/2/18  (in.  21/2/18). 

A.  38  (A.  47),  M.  3812  (  -  ),  case  7;  patient  ill  four  days;  d.  13/2/18  (in.  21/2/18). 

A.  39  (A.  37,  A.  66  +  ),  M.  3830  (  -  ),  case  18:  patient  ill  eight  days;  d.  16/3/18  (in.  27/3/18). 

Brisbane  Case. 

A.  40,  M.  3828  (  -  ),  patient  d.  about  ten  days  previously  (in.  22/3/18). 

Narrandera  Case. 

A.  41  (A.  32,  A.  42),  M.  3831  (  -  ),  case  54,  G.S.;  ill  twelve  days;  d.  22/2/18  (in.  27/2/18). 

Horse. 

A.  42  (A.  32,  A.  41),  M.  3820  (  -  ),  horse  d.  27/2/18  (in.  6/3/18). 

Fowl  Ticks,  from   l)()fr,i:al)ri. 

A.  43  (A.  28,  A.  55  +  ),  M.  3827  (  -  ),  (in.  16/3/18). 

Journ.  of  Hyg.  xvui  21 
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Case  37,  A.  C.  F.  (J.),  Boggabn. 

(Ill  three  days;  died  13/8/18.) 
A.  44  (A.  3,  A.  30,  A.  51).  M.  3825  (  -  ),  (in.  15/3/18). 
A.  45  (A.  72  +  ),  M.  3837  (  -  ),  (in.  11/4/18). 
A.  46  (A.  35,  A.  65  +  ),  Sh.  3839  c  (  -  ),  (in.  16/4/18). 

Case  32,  J..  B.,  Narrabri. 

(Ill  five  days;  died  15/3/18.) 
I.   A.  47  (A.  38),  M.  3826. 

A.  48,  M.  3829  (  +  ),  (in.  22/3/18;  ill  2/4/18;  k.  4/4/18). 
From  A.  48,  M.  3829  (k.  4/4/18). 
II.   A.  49,  M.  3835  (  ^   ),  (hi.  4/4/18;  ill  11/4/18;  k.  15/4/18). 
From  A.  49,  M.  3835  (k.  15/4/18). 

III.  A.  50,  M.  3839  (  +  ),  (in.  15/4/18;  ill  20/4/18;  k.  24/4/18). 
A.  51  (A.  3,  A.  30,  A  44),  M.  3840. 

A.  52  (A.  23),  8h.  3839  b  {  +  ),  (in.  16/4/18;  ill  19/4/18;  d.  22/4/18). 
A.  53  (A.  91  +  ),  Sh.  3863  (  -  ),  (in.  17/5/18). 

From  A.  50,  M.  3839  (k.  24/4/18). 

IV.  A.  54  (A.  71),  M.  3846  (  -  ),  Pasteur-Chamberland  F.  filtrate  (in.  24/4/18). 
A.  55  (A.  28,  A.  43),  M.  3848  (  +  ),  (in.  25/4/18;  ill  3/5/18;  d.  5/5/18). 
A.  56  (A.  16,  A.  97),  Dog  3847  (  -  ),  (in.  25/4/18).' 
A.  57,  Calf  3848  6  (  +  ),  (in.  25/4/18;  -11  30/4/18;  d.  2/5/18). 
A.  58,  Rabbit  3849  (  -  ),  (in.  26/4/18). 
A.  59,  Rabbit  3850. 

A.  60,  G.  pig  3851  (?),  (in.  26/4/18;  ill  2/5/18;  d.  4/5/18). 
A.  61,  Kitten  3852. 

Frmn  A.  52,  Sh.  3839  6  (d.  22/4/18). 
A.  62  (A.  36),  M.  3845  (  +  ),  (in.  23/4/18;  ill  29/4/18;  k.  3/5/18). 

From  A.  62,  M.  3845  (k.,  3/5/18). 
V.   A.  63  (A.  76,  A.  93,  A.  115),  Sh.  3853  (  -  ),  (in.  3/5/18). 

From  A.  55,  M.  3848  (d.  5/5/18). 
A.  64,  M.  3854  (  i-  ),  (in.  7/5/18;  iU  14/5/18;  k.  18/5/18). 
A.  65  (A.  35,  A.  46),  Sh.  3855  (  +  ),  (in.  7/5/18;  ill  13/5/18;  d.  14-15/5/18). 

From  A.  65,  Sh.  3855  (d.  14-15/5/18). 
VI.   A.  66  (A.  37,  A.  39).  M.  3860  (  +  ),  (in.  17/5/18;  iU  22/5/18;  k.  30/5/18). 
A.  67  (A.  77,  A.  89),  Sh.  3861  (  -  ),  intraperitoneal  (in.  17/5/18). 
A.  68  (A.  86,  A.  90).  Sh.  3862  (  -  ),  (in.  17/5/18). 

From  A.  64,  M.  3854  (k.  18/5/18). 
A.  69  (A.  94),  Sh.  3864  (  -  ),  (in.  20/5/18). 
A.  70  (A.  92  +  ),  Sh.  3865  (  -  ),  nose  swabbed  (in.  20/5/18). 
A.  71  (A.  54),  M.  3872  (  -  ),  lumbar  puncture,  venous  injection  (in.  27/5/18). 

From  A.  66,  M.  3860  (k.  30/5/18). 
VII.    A.  72  (A.  45),  M.  3873  (  +  ),  (in.  30/5/18;  ill  13/6/18;  k.  15/6/18). 
A.  73,  Rabbit  3874  (  -  ),  (in.  30/5/18). 
A.  74,  G.  pig  3875  (?),  (in.  30/5/18;  ill  25/6/18;  d.  25/6/18). 
A.  75,  Sh.  3876  (  -  ),  d.  in  four  days  (in.  31/5/18;  d.  4/6/18). 

A.  76  (A.  63,  A.  93,  A.  115),  Sh.  3877  (  -  ),  lumbar  puncture,  venous  injection  (in.  31/5/18) 
A.  77  (A.  67,  A.  89),  Sh.  3878  (  -  ),  dried  brain  injected  (in.  7/6/18). 

From  A.  72,  M.  3873  (k.  15/6/18). 
VIII.   A.  78,  M.  3890  (  + ),  (in.  15/6/18;  ill  25/6/18;  k.  27/6/18). 
A.  79,  Kitten  3891  (  - ),  (in.  15/6/18). 
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.1.    H.  (^LKLAM)  AND  A.   W.  (^\MI>IU<:I.L  HIT) 

A.  80,  Sh.  :{S!>2  (  ^    ),  (in.  l7/()/IH;  ill  24/0/lH;  l<-  2H/()/l8). 

A.  81.  Sli.  :{8<>:J  (   !-  ).  (in.  17/(5/18;  ill  2<)/()/I8;  k.  2/7/18). 

A.  82,  Sh.  :WM  (  -  .  ?  rocovrry),  (in.  I7/0/I8;  ill  ?  21)/6/18;  d.  10/7/18). 

A.  83  (A.  114),  Sh.  :i8<»r)  (  -  ),  (in.  17/()/lM). 

A.  84  (A    Um,  Sh.  :{8!H;  (  -   ).  froiilMl  and  occipital  only  (in.  17/0/18). 

A.  8')  Sh.  :{S<)7  (death  in  2  days),  nicdiilla  only. 

From  \.  7r»,  Sh.  .SS7H  (shc(«|)  hisloloj^ically  no<?ativo,  d.  4/(5/18). 
A.  80  (A.  (58,  A.  90),  Sh.  3879  (  -  ),  (in.  7/0/18). 

From  A.  78,  M.  3800  (k.  27/0/18). 
IX.    A.  87,  .M.  3!M)0  (  -|-  ),  (in   27/0/18;  ill  4/7/18;  k.  7/7/18). 
A.  88,  Calf  3001  (recovered  ?),  (in.  27/6/18;  ill  2-7/7/18). 

A.  89  (A.  (57,  A.  77),  Sh.  3902  (  +  ,  rocovorin.L'  ?),  (in.  27/(5/18;  ill  2-4/7/18;  d.  4/8/18). 
A.  90  (A.  (58,  A.  80),  Sh.  3903  (recovered  ?),  (in.  27/0/18;  ill  2  and  3/7/18). 
A.  91  (A.  53),  Sh.  3904  (  +  ),  (in.  27/6/18;  ill  3/7/18;  d.  3/7/18). 
A.  92  (A.  70),  Sh.  3905  (  +  ),  medulla  only  (in.  27/6/18;  ill  3/7/18;  d.  6/7/18). 
A.  93  (A.  63,  A.  76,  A.  115),  Sh.  3900  (  -  ?),  medidla  only  (in.  27/6/18;  ill?  2/7/18). 
A.  94  (A.  (59),  Sh.  3907  (  -  ),  frontal  and  occipital  only  (in.  27/6/18). 
A.  95,  Horse  3908   (  +  ),  (in.  28/6/18;  ill  7/7/18;  k.  9/7/18). 
A.  96,  Sh.  3935  (  -  ),  (in.  29/7/18). 

From.  A.  81,  Sh.  3893  (k.  2/7/18). 
A.  97  (A.  16,  A.  56),  Dog  3909  (  -.  ),  (in.  2/7/18). 

From  A.  92,  Sh.  3905  (d.  6/7/18). 
X.    A.  98,  Sh.  3910  (  +  ),  (in.  6/7/18:  ill  11/7/18;  d.  15/7/18). 
A.  99,  Sh.  3911  (death  in  2  days). 

From  A.  87,  M.  3900  (k.  7/7/18). 
A.  100,  M.  3912  (  +  ),  (in.  7/7/18;  ill  16/7/18;  k.  17/7/18). 
A.  101  (A.  125),  Sh.  3913  (  --  ),  (in.  7/7/18). 
A.  102,  Sh.  3914  (recovered  ?),  (in.  7/7/18;  ill  12-16/7/18). 
A.  103,  Sh.  3915  (  +  ),  emulsion  plus  serum  of  A.  82,  Sh.  3894  (in.  7/7/18;  iU  14/7/18; 

k.  17/7/18). 
A.  104  (A.  120),  Sh.  3916  ( -  ),  emulsion  plus  serum  of  A.  82,  Sh.  3894  (in.  7/7/18). 
A.   105,  Sh.   3917  (  +  ),  emulsion  plus  normal  sheep's  serum  (in.   7/7/18;   ill  14/7/18; 

d.  16-17/7/18). 
A.  106,  Sh.  3918  (  -  ,  death  in  5  to  6  days),  emulsion  plus  normal  sheep's  serum  (in.  7/7/18; 

d.  12/7/18.) 

From  A.  95,  Horse  3908  (k.  9/7/18). 
A.  107  (A  127),  Calf  3919  (recovered  ?),  (in.  10/7/18;  ill  on  13  and  14/7/18). 

From  A.  98,  Sh.  3910  (d.  15/7/18). 
XI.   A.  108,  Sh.  3920  (  +  ),  (in.  16/7/18;  iU  22/7/18;  d.  23/7/18). 

From  A.  103,  Sh.  3915  (k.  17/7/18). 
A.  109  (A.  84),  Sh.  3921  (  +  ),  (in.  18/7/18;  iU  25/7/18;  d.  27/7/18). 

From  A.  100,  M.  3912  (k.  17/7/18). 
A.  110,  M.  3925  (  +  ),  (in.  19/7/18;  ill  30/7/18;  k.  2/8/18,  might  have  recovered). 
A.  Ill,  Sh.  3922  (  -  ),  emulsion  plus  serum  of  A.  89,  Sh.  3902  (in.  19/7/18). 
A.  112,  Sh.  3925  (d.  in  four  days),  emulsion  plus  serum  of  A.  89,  Sh.  3902. 
A.  113,  Sh.  3924  (d.  in  two  days),  emulsion  plus  serum  of  A.  89,  Sh.  3902. 
From  A.  109,  Sh.  3921  (d.  27/7/18). 
XII.    A.  114  (A.  83),  Sh.  39.33  (  -  ),  (in.  29/7/18). 

A.  115  (A.  63,  A.  76,  A.  93),  Sh.  3934  (  -  ),  (in.  29/7/18). 

From  A.  110,  M.  3925  (k.  2/8/18). 
A.  116  (A.  132),  M.  3936  (  -  ),  emulsion  plus  serum  of  A.  89,  Sh.  3902  (in.  2/8/18). 
A.  117,  M.  3937  (  +  ),  emulsion  plus  serum  of  A.   102,  Sh.  3914  (in.  2/8/18;  ill  25/8/18; 

k.  27/8/18). 
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A.  118,  Hen  3938  (  -  ),  (in.  2/8/18). 

A.  119  (A.  130),  Sh.  3939  (  -  ),  Beikefekl  filtrate  (in.  2/8/18). 

A.  120  (A.  131),  8h.  3940  (  -  ),  Beikefeld  filtrate  (in.  2/8/18). 

A.  121,  Sh.  3941  (  +  ),  (in.  2/8/18;  ill  8/8/18;  d.  13/8/18). 

A.  122,  8h.  3942  (  -  ),  (in.  2/8/18). 

A.  123,  Sh.  3943. 

A.  124,  M.  3952  (  +  ),  (in.  17/8/18;  ill  3/9/18;  k.  7/9/18). 

From  A.  121,  Sh.  3941  (d.  13/8/18). 

XIII.  A.  125  (A.  101),  Sh   3948  (recovered  ?),  (in.  14/8/18;  ill  on  18  and  19/8/18). 
A.  126  (A.  104)  Sh.  3949  (  -  ),  (in.  14/8/18). 

A.  127  (A.  107),  Calf  3950  (  -  ),  (in.  14/8/18). 
A.  128,  M.  3951. 

From  A.  117,  M.  3937  (k.  27/8/18). 
A.  129,  M.  3967  (  +  ),  (in.  27/8/18;  ill  6/9/18;  k.  9/9/18). 
A.  130  (A.  119),  Sh.  3968  (recovered?),  (in.  28/8/18;  ill  5-10/9/18). 
A.  131  (A.  120),  Sh.  3969  (  -  ),  (in.  28/8/18). 

From  A.  129,  M.  3967  (k.  9/9/18). 

XIV.  A.  132  (A.  116),  M.  3977  (  -  ),  (in.  11/9/18). 
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ON  THK   I^]FFE(rrs  OF  INJECmONS  OF  QUININE 
INTO  THE  TISSUES  OE  MAN  AND  ANIMALS. 

Bv  LEONARJ)  S.  J)UJ)(JK()N,  C.M.G.,  C.H.E.,  F.R.C.P.  (Lond.), 

Colonel  A. M.S.,  Consulting  Bacteriologist  B.S. F.,  and  Member  of  the 

A(l\  isory  Committee  to  the  War  Office  for  Infectious  Diseases 

and  Sanitation,  Eastern  Mediterranean. 

(With  Plate  III.) 

In  December  1917,  Lieut. -Col.  MacGilchrist  of  the  Indian  Medical  Service 
published  a  paper  on  the  necrosis  produced  by  intra-muscular  injections  of 
strong  solutions  of  quinine  salts^.  It  might  be  an  advantage  to  quote  the  first 
few  lines  of  this  communication:  "Advocates  of  intra-muscular  injections  of 
strong  solutions  of  quinine  salts  for  the  treatment  of  malaria  seldom  omit  to 
state  that  no  local  ill-effects  are  produced."  He  records  a  case  of  tissue  ne- 
crosis following  on  the  intra-muscular  injection  of  eleven  grains  of  quinine 
bi-hydrochloride  in  thirty-four  minims  of  water.  Death  supervened  thirteen 
hours  later.  MacGilchrist  especially  noted,  owing  to  rapid  tissue  necrosis,  that 
the  track  of  the  needle  remained  patent.  He  regards  as  an  estabhshed  fact 
that  most  of  the  quinine  injected  is  precipitated  and  probably  chemically 
combined  with  serum  proteins  in  the  necrosed  tissues  and  for  this  reason  intra- 
muscular injections  of  concentrated  solutions  of  quinine  salts  are  not  to  be 
recommended  for  cases  of  emergency.  Very  dilute  solutions  of  quinine  salts 
are,  in  his  opinion,  rapidly  and  completely  absorbed  whether  employed  sub- 
cutaneously  or  by  the  intra-muscular  route.  If  the  views  which  MacGilchrist 
puts  forward  in  this  and  other  communications  are  to  be  accepted  without 
reserve  then  intra-muscular  injections  of  strong  solutions  of  quinine  should  no 
longer  be  employed.  It  was  for  this  reason  that  Major-General  Sir  M.  P.  C. 
Holt,  K.C.B.,  K.C.M.G.,  D.M.S.,  B.S.F.,  asked  me  to  carry  out  an  experimental 
enquiry  on  animals  as  to  the  effects  produced  by  intra-muscular  injections  of 
strong  solutions  of  quinine. 

Human  muscle  was  examined  from  fatal  cases  of  malaria  or  suspected 
malaria  which  had  received  an  injection  of  quinine  at  periods  varying  from 
one  hour  to  three  months  from  the  time  of  the  inoculation,  and  in  some  in- 
stances an  estimation  of  quinine  in  the  affected  tissues  was  made.  For  the 
experimental  enquiry,  cast  mules,  rabbits,  guinea-pigs,  and  frogs  were  used, 
while  the  preparations  of  quinine  employed  were  (a)  bi-hydrochloride  in  saline, 

1  Indian  Med.  Oaz.  lit.  No.  12. 


^  1  ^  E(f'(rts  of  Qu  in  ine 

(b)  acid  sulphate  in  saline ^  (c)  quinine  alkaloid  dissolved  in  alcohol  (about  the 
strength  of  hospital  brandy),  (d)  and  in  ether  (medicinal).  The  alkaloid  shaken 
in  blood  serum  and  saline — a  preparation  which  consisted  of  one  gramme  of 
alkaloid,  one  c.c.  of  90  per  cent,  alcohol,  and  olive  oil  to  3  c.c. — and  a  somewhat 
similar  preparation  to  the  last  mentioned  was  tested  directly  after  it  arrived 
in  the  East  for  trial.  The  quinine  solutions  have  been  injected  in  concentrated 
and  dilute  solutions.  The  preparations  most  commonly  employed  for  intra- 
muscular injections  were  the  bi-hydrochloride  of  quinine  in  saline,  and,  to  a 
less  extent,  bi-hydrochloride  dissolved  in  brandy.  Human  muscle  was  ob- 
tained in  all  instances  from  cases  which  had  received  quinine  in  some  form  in 
concentrated  solutions  as  commonly  employed  for  the  treatment  of  malaria. 
Control  observations  were  made  on  the  action  on  the  tissues  of  animals  of 
acids  and  ether  (quinine  solvents). 

Numerous  cases  were  treated  with  intra-muscular  injections  of  quinine 
bi-hydrochloride  dissolved  in  brandy  on  the  basis  of  three  grains  of  the  salt 
per  10  lb.  of  body  weight. 

Experiments  have  also  been  made  on  the  absorption  of  quinine  from  the 
seat  of  inoculation,  at  periods  varying  from  a  few  minutes  to  several  weeks, 
and  as  to  the  question  of  the  storage  of  the  alkaloid  in  the  heart-muscle,  liver 
and  kidneys. 

All  who  have  had  experience  of  malarial  patients  are  aware  that  an  ap- 
parent anaemia  occurs,  and  a  true  anaemia  with  considerable  blood  destruc- 
tion. Further,  a  severe  haemolytic  anaemia  and  haemoglobinuria  is  associated 
with  malaria  and  may  occur  at  a  period  of  the  disease  when  quinine  treatment 
is  essential.  For  these  reasons  it  was  necessary  to  induce  anaemia  and  hae- 
moglobinuria in  animals  by  means  of  immune  sera  so  as  to  observe  whether 
intra-muscular  injections  of  quinine  in  concentrated  and  dilute  solutions 
excited  a  more  intense  tissue  reaction  than  in  the  control  animals. 

All  the  chemical  estimations  of  residual  quinine  were  undertaken  by 
Captain  C.  E.  C.  Ferrey,  O.B.E.,  R.A.M.C.  (T.F.),  Analytical  Chemist  to  the 
Central  Laboratory,  B.S.F.,  who  employed  the  Stas-Otto  process  for  these 
investigations. 

QUININE  AND  HAEMOLYSIS. 

Although  the  purpose  of  these  experiments  was  to  observe  the  effects  of 
intra-muscular  injections  of  quinine  on  the  tissues,  yet,  attention  must  be 
drawn  to  the  haemolytic  activity  of  quinine  as  estimated  in  vitro.  Two  solu- 
tions were  prepared  for  the  purpose:  (1)1  per  cent,  bi-hydrochloride  of  quinine 
in  sahne,  (2)  a  solution  of  hydrochloric  acid  in  saline  of  the  same  total  acidity 
as  the  quinine  solution — 0-18  per  cent.  The  total  bulk  of  test  solution  and 
saline  in  each  tube  was  1  c.c.  The  haemolytic  end  point  of  the  quinine  solu- 
tion, acting  at  37°  C.  for  five  hours,  was  0-16  c.c,  while  the  acid  solution  alone 
induced  haemolysis  down  to  O-l  c.c.   Normal  saline  was  employed  throughout 

^  Only  three  experiments  were  made  with  this  salt  as  it  was  found  to  excite  more  intense 
necrosis  than  the  other  preparations  which  were  employed. 
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ihv  (\\|)(Mi!n(Mits  as  the  diluting  agont.  Kurther,  tlic  haeniolytic  action  was 
iniK'li  iiioic  !a[)i(l  with  the  acid  solution  tliaii  with  the  bi-hydrochloridc  of 
(Hiiiiiiic  in  siilinc.  Normal  huniaii  sciuin  or  citrat(3(l  j)la.snia  in  suitable  amounts 
|)re\(Miled  haemolvsis.  These  lesults  briefly  referred  to  serve  to  illustrate  the 
iiaemolvtic  action  of  bi-liN-diochloride  of  quinine  and  of  the  corresponding 
acid.  It  will  be  readily  appreciated  that  the  preparations  of  (|iiiiiine  employee] 
foi-  inl  ra-muscular  injections  in  the  treatment  of  malaria  are  of  considerably 
greater  strength  tha  n  in  these  experiments  on  haemolysis  in  vilro.  The  haemo- 
ly tic  activity  of  a  1  per  cent,  solution  of  bi-hydrochloride  of  quinine  is  extremely 
?-apid,  while  strong  solutions  ])roduce  instantaneous  haemolysis.  The  alkaloid 
when  suspended  in  saline  induces  a  much  more  gradual  haemolysis  than  the 
salt  in  solution,  although  for  obvious  reasons  a  considerable  error  must  occur 
in  estimating  the  haemolytic  action  of  varying  suspensions  of  quinine  alkaloid 
in  saline.  It  has  been  found  that  the  agglutination  of  human  or  other  red  cells, 
well  known  to  be  induced  by  free  acids,  is  absent  in  the  standard  acid  solutions 
of  bi-hydrochloride  of  quinine  employed  in  suitable  strengths  for  such  pur- 
poses. If  0-05  c.c.  of  the  standard  solution  of  hydrochloric  acid  already  referred 
to  is  made  up  to  a  total  volume  of  1  c.c.  an  immediate  agglutination  occurs 
on  the  addition  of  human  red  cells,  while  with  0-15  c.c.  of  the  1  per  cent, 
solution  of  bi-hydrochloride  of  quinine  in  1  c.c.  saline  no  such  effect  is  induced. 
All  experiments  tend  to  show  that  although  quinine  acts  as  a  powerful  haemo- 
lytic agent  the  acid  employed  to  dissolve  the  alkaloid  is  much  more  potent 
in  its  effect. 

WHAT  IS  THE  COMPARATIVE  EFFECT  OF  INTRA-MUSCl^LAR  INJECTIONS 
OF  CONCENTRATED  AND  DILUTE  SOLUTIONS  OF  QUININE? 

Numerous  experiments  have  been  made  to  solve  this  question  concerning 
which  information  was  ppecially  required. 

The  following  detailed  descriptions  express  the  essential  features: 

(1)  A  rabbit  received  an  intra-muscular  injection  of  0-039  gramme  of 
bi-hydrochloride  of  quinine  in  1  c.c.  saline,  and  the  same  quantity  of  quinine 
in  3  c.c.  of  saline  into  another  set  of  muscles. 

The  following  day  0-078  gramme  of  the  same  preparation  in  2  c.c.  of  saline 
was  injected  in  the  right  side  and  a  similar  quantity  in  1  c.c.  of  saline  in  the 
left. 

The  post-mortem  examination  took  place  on  the  following  day.  The 
results  showed  that  no  advantage  was  gained  by  injecting  the  quinine  in  twice 
the  quantity  of  saline.  The  spreading  oedema  was  greater  owing  to  the  increase 
in  bulk  of  fluid  injected,  while  the  inflammatory  process  and  muscle  necrosis 
in  both  instances  was  so  evident  that  no  importance  could  be  attached  to 
minute  differences  in  the  affected  tissues.  If  quinine  injections  are  given  in 
such  dilutions  that  the  action  of  quinine  and  free  acids  on  the  red  cells  and 
tissues  is  reduced  to  a  minimum,  then  the  bulk  of  fluid  required  would  nullify, 
in  my  opinion,  any  advantage  that  might  be  gained.  Further  there  is  a  greater 
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possibility  of  suppuration  from  injection  of  quinine  in  large  l)ulk  into  the 
tissues  at  frequent  intervals. 

(2)  Four  rabbits  were  injected  by  the  intra-muscular  route  as  follows: 

A.  0018  gramnu'  of  bi-hydrochlorido  of  (luinine  in  Oi">  c.c.  saline  (concentrated). 

B.  0-018  gramme  of  bi-hydrochloride  of  quinine  in  0-5  c.c.  normal  rabbit  .serum  (concentrated). 

C.  0018  gramme  of  bi-hydrochloride  of  quinine  made  up  to  2  c.c.  with  auto  rabbit  serum. 

D.  0-7  c.c.  of  1 :  5000  solution  of  ([uinine  alkaloid  in  ether. 

E.  018  gramme  of  bi-hydrochloride  of  quinine  made  up  to  2  c.c.  with  auto-rabbit  serum  and 

injected  by  the  intra-muscular  route. 

In  every  instance  obvious  necrosis  occurred.  The  interval  between  the 
time  of  the  injection  and  the  autopsy  was  six  days  in  the  case  of  experiments 
A  and  B,  4  days  in  C  and  E,  and  3  days  in  1). 

The  most  intense  changes  were  induced  when  the  alkaloid  was  injected 
with  ether.  Necrosis  of  muscles  in  all  stages—wide  areas  of  polynuclear  and 
mononuclear  inflammation  especially  towards  the  capsular  area — thrombosis 
of  vessels — red  cell  agglutination  and  haemolytic  changes  in  the  tissue  blood 
as  well  as  in  the  intra-vascular  blood. 

(3)  A  mule  was  injected  with  1  gramme  of  alkaloid  of  quinine  in  alcohol 
and  oHve  oil  (3  c.c).  On  the  following  day  with  1  gramme  of  the  alkaloid  in 
10  c.c.  ether. 

Although  the  total  bulk  of  fluid  varied  considerably  in  each  inoculation 
the  final  results  w^ere  similar;  further,  the  concentration  of  quinine  in  the 
solutions  employed  did  not  affect  the  final  results.  In  each  instance  extensive 
necrosis — haemorrhage  into  the  tissues — congestion  of  blood  vessels — and  foci 
of  acute  inflammation  were  met  with.  Numerous  experiments  have  been 
referred  to  elsewiiere  in  this  communication  which  serve  to  illustrate  the  com- 
parative effects  of  concentrated  and  dilute  solutions  when  injected  into  the 
tissues  of  animals. 

THE  MICROSCOPICAL  FINDINGS  AS  A  RESULT  OF  INTRAMUSCULAR 
INJECTIONS  OF  QUININE  SALTS  AND  ALKALOID  QUININE. 

The  first  effect  of  an  injection  of  a  quinine  preparation  into  the  tissues  is 
necrosis  of  muscle.  The  fibres  most  affected  are  completely  necrosed  leaving 
the  empty  sheaths.  Oedema  of  the  tissues  accompanies  the  necrosis,  together 
with  agglutination  of  red  cells  and  haemolysis  in  the  vessels  and  in  the  blood 
which  has  escaped  into  the  tissues.  These  changes  are  in  evidence  within  ten 
minutes  of  the  inoculation.  At  this  period  no  leucocytic  reaction  has  occurred, 
but  an  intense  congestion  of  all  vessels  in  the  area  has  taken  place.  At  the 
end  of  one  hour  the  leucocytic  reaction  may  not  be  a  marked  feature,  although 
in  preparations  of  quinine  w^hich  include  oil  an  intense  polynuclear  leucocytic 
reaction  has  been  observed.  The  muscle  fibres  in  the  necrotic  areas,  as  time 
advances,  present  appearances  which  are  various  as  well  as  distinctive.  In 
addition  to  the  fibres  which  are  completely  necrosed  others  show  fragmentation 
so  that  numerous  "apparent  droplets"  are  observed  within  the  sheaths  (PI.  Ill, 


Fi,l,^  I).  Owiii!^'  ton  imilt  i])licat  ion  of  llic  iiiic1»m  of  the  Hiieaths  whicFi  occurs 
and  a,  coilaj)S('  of  tlio  shnitlis  tlioinsclvcs,  tlic  lihroiiH  franiowork  of  tho  new 
(issue  is  «ri-a(luallv  formed.  Sliruukeu  fil)res  with  several  nuclei  ^ive  the  well- 
Iviiown  uppearaiiee  of  |)seud()-<,qaiil  cell  formation.  The  large  tissue  cells  act  as 
})ha<^u)cytes  for  fat  droplets,  red  cells  and  free  iron  granules.  Active  destruction 
of  the  vessel  walls  occurs  together  with  thrombosis  which  may  oi'  may  not  serve 
as  a  conservative  process  (1*1.  Ill,  Kig.  ))).  Polynuclear  inflammation  of  the 
necrosed  walls  can  be  clearly  demonstrated.  Active  changes  occur  in  the  vessels 
apart  from  thrombosis  such  as  agglutination  of  red  cells  and  haemolytic  phe- 
nomena while  similar  changes  are  met  with  outside  the  vessel  walls.  In  certain 
instances  nuirked  red  cell  agglutination  occurs  within  the  vessel  without  the 
evidence  of  inflammation  (PI.  Ill,  Fig.  2). 

In  course  of  time  absorption  of  muscle  fragments  and  of  inflammatory 
products  takes  place  so  that  finally  we  have  a  condition  of  fibrous  myositis 
such  as  is  met  with  as  a  result  of  traumatic  influence  or  syphilis.  Nerve 
fibres  are  implicated  in  the  earliest  stages.  It  is  not  uncommon  to  observe 
that  haemorrhages  and  large  vacuoles  occupy  the  space  of  the  original  nerve 
fibres.  Fibrous  tissue  formation  surrounds  the  nerves  in  the  muscles  and  also 
the  individual  fibres.  Large  nerve  trunks  may  be  so  implicated  by  the  oedema 
and  spreading  necrosis  that  complete  nerve  degeneration  occurs. 

Strands  of  necrosed  muscle  fibres  may  persist  for  ten  to  fourteen  days  after 
an  injection  of  quinine,  possibly  owing  to  the  diminished  tissue  absorption 
which  must  occur  as  a  result  of  quinine  inoculation.  The  bulk  of  quinine  how- 
ever is  absorbed  from  the  tissues  with  extreme  rapidity — simply  a  question  of 
hours. 

EXPERIMENTS  TO  ILLUSTRATE  THE  EFFECTS  ON  THE  TISSUES  OF  CERTAIN 

PREPARATIONS  OF  QUININE. 

A  cast  mule  was  injected  with  the  following  preparations.  The  results 
Avere  as  follows: 

Interval  be- 
Number  tween  inocu- 

of  inocu-  Site  of  Nature  of  lation  and 

lation  inoculation  inoculation  Naked  eye  appearances  at  autopsy  examination 

1  Back,  nearside  10  c.c.  ether  Extensive  necrosis,  6  or  7  inches  long,      6  days 

3-4  inches  wide.     SUght  superficial 
oedema 

2  Near  fore  leg  ditto  Extensive  tissue  necrosis,  '♦SHght  5  days 

oedema 

3  Back,  off  side     0-25  grm.  of  alka-   Widespread  oedema.    Very  extensive      4  days 

loid^il  quinine  in      necrosis 
10  c.c.  ether 

4  Off  fore  leg  ditto  ditto  3  days 

5  Near  hind  leg     5   c.c.    of    4-3  %   Extensive    oedema    spreading    along      2  days 

HCl  in  saline         muscle  septa.    Marked  necrosis 

6  Off  hind  leg        5  c.c   of  25%  bi-  ditto  .  24  hours 

hydrochloride 
of  quinine  in  sa- 
line (same  total 
acidity  as  above 
(5)) 


;>2:> 
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This  experiment  gives  an  excellent  survey  of  the  effect  produced  by  ether- 
quinine  alkaloid  dissolved  in  ether — bi-hydrochloride  of  (juinine  in  saline — 
hydrochloric  acid  made  to  the  same  total  acidity  as  the  solution  of  cjuinine. 
In  Experiment  3  of  this  series  0-25  gramme  of  alkaloidal  quinine  was  in- 
jected in  no  less  than  10  c.c.  ether,  yet  the  effect  on  the  tissues  was  consider- 
able. Here  the  quinine  was  given  in  dilute  solution,  but  the  solvent  employed 
was  largely  responsible  for  the  effect.  Experiments  5  and  (>  of  this  series  show 
similar  effects  on  the  tissues,  yet  quinine  was  not  em})loyed  in  Series  5. 
The  result  must  have  been  due  therefore  to  the  solvent.  This  fact  must  never 
be  lost  sight  of  in  any  discussion  on  the  question  of  tissue  necrosis  induced  by 
quinine,  as  will  be  referred  to  elsewhere  in  this  communication. 

Intra-muscular  Injections  of  Alkaloidal  Quinine  in  60  per  cent. 

Alcohol. 

Several  animals  received  intra-muscular  injections  of  quinine  dissolved 
in  alcohol,  either  concentrated  or  in  dilute  solutions.  The  rabbit  used  in  the 
experiment  to  be  referred  to  in  detail  was  injected  daily  for  six  days  with  0-04 
gramme  in  1  c.c.  of  60  per  cent,  alcohol.  Blood  counts  were  made  with  the 
object  of  determining  whether  a  leucocytosis  would  be  induced  or  an  alteration 
in  the  red  cell-haemoglobin  system.  The  injections  were  made  in  a  different 
muscular  area  on  each  occasion.  Certain  tissues  were  preserved  at  the  autopsy 
for  quinine  estimation,  and  the  entire  local  area  was  removed  for  a  similar 
purpose  except  for  a  small  portion  reserved  for  microscopy.  First  injection: 
there  was  marked  oedema  and  a  long  line  of  muscle  necrosis.  A  typical  fibro- 
myositis  had  been  produced  around  the  necrosed  muscle  in  which  all  possible 
changes  were  recognised.  Numerous  new  formed  blood  vessels  were  present, 
also  blood  pigment  and  scattered  haemorrhages.  Degeneration  of  the  vessel 
walls  was  evident.  The  effect  of  the  second  inoculation  was  similar  except 
that  a  well-developed  interstitial  neuritis  was  found  in  the  nerve  from  the 
affected  area.  No  quinine  was  detected  in  the  local  lesion.  The  third  injection 
had  produced  a  large  haemorrhagic  area  superficial  to  a  diffuse  black-brown 
necrosis  of  muscle.  Numerous  foci  of  polynuclear  cells  were  present.  No 
quinine  was  obtained  from  the  local  lesion.  Fourth  injection  made  four  days 
before  death  showed  very  considerable  oedema  of  muscle  and  necrosis.  Throm- 
boses of  some  of  the  large  vessels  were  present  with  necrosis  of  the  muscular 
walls.  The  degenerated  muscle  fibres  were  fragmented  and  were  undergoing 
a  process  of  gradual  absorption  by  which  highly  cellular  patent  sheaths 
remained,  the  walls  of  which  ultimately  coalesced  and  thus  assisted  in  the 
formation  of  the  fibrous  scar. 

Fifth  injection.  Diffuse  haemorrhage  and  oedema  together  with  a  promi- 
nent area  of  greyish  brown,  dry,  muscular  necrosis  had  occurred. 

Sixth  injection.  This  was  completed  forty-eight  hours  before  death.  The 
changes  noted  at  the  autopsy  were  similar  to  those  referred  to  as  a  result 
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ol  the  j)r«'\  ions  iiioculal  ioii.  The  inicioscopical  apjxijiranccs  were  similar,  but 
ol  a  inoic  aciilc  \\\n\  There  was  a  very  marked  polyniich^ar  inflammation, 
ahundaiil  haemorrliaj^os,  and  active  liaoinolytic;  chan<^(\s.  The  muscle  fibres 
were  necrosed,  frairmeiiled,  and  bioken  up  into  coar.se  <^nanuleH,  and  haemor- 
rhaj'os  bad  occniicd  amonir  the  nerve  bundles.  Both  kidnevs  and  liver  removed 
at  the  autopsy  forty-eij^ht  hours  after  the  last  intra-muscular  injection  were 
free  from  (piinine,  althoufrh  ()-21  gramme  of  alkaloidal  (juinine  liad  been  in- 
jected in  eight  days,  and  the  last  injection  was  only  forty-eif^ht  lioiirs  before 
death.  It  will  be  readily  ap])reciated  from  tliose  experiments  described  in 
detail  that  alkaloidal  quinine  j^iven  in  60  per  cent,  alcohol  excites  intense 
changes  in  the  tissues  in  the  inoculated  area. 

Intra-muscular  Injections  of  Quinine  Alkaloid  in  Alcohol 

Differential  count  of  leucocytes. 
l8tcolumn=%,  2nd  column-no.  per  cmm. 


^^ 

N 

Dates 

Weights 

Red  cells 
l)er  cmm. 

H.B. 

C.  I. 
(Colour- 
Index) 

Leuco- 
cytes 
per  cmm. 

a> 

.So- 

1^ 

1 

o 

3 

1 

2 

6 

as 

1 

2 

1 

1-  zi 
1 

2 

Quinine  alkaloiil 
in  60%  alcohol. 
Intramuscular 

injections. 

Total  bulk  of 

fluid  =  lc.c. 

15/7/18 

1000 

grms. 

5,400,000 

83% 

0-7 

8980 

2 

430 

3827 

550 

4895 

1-5 

133 

004  gramme 

16/7/18 

950 

*> 

— 

— 

— 

7900 

1 

48-5 

3831 

50-0 

3950 

10 

79 

004 

17/7/18 

950 

>» 

5,200,000 

84% 

0-8 

7600 

3 

27-5 

2190 

380 

5168 

3-5 

266 

004 

18/7/18 

955 

J  J 

— ■ 

— 

— • 

7020 

1 

32-5 

2275 

610 

4270 

5-5 

385 

004 

19/7/18 

1000 

j9 

5,200,000 

82% 

0-7 

7100 

3 

27-5 

1952 

65-0 

4615 

6-5 

461 

004 

20/7/18 

1000 

•> 

5,300,000 

82% 

0-7 

7150 

— 

— 

— 

— 

— 

— 

— 

004 

21/7/18 

950 

»» 

5,000,000 

80% 

0-8 

6990 

1 

270 

1863 

63-0 

4347 

100 

690 

22/7/18 

923 

>> 

5,200,000 

84  % 

0-8 

7520 

0 

22-0 

1650 

68-0 

5100 

8-0 

600 

Rabbit  killed 

The  Injection  or  Quinine  Alkaloid  with  Olive  Oil. 

The  following  preparation  was  tried  for  intra-muscular  injections: 

Quinine  alkaloid       ...         ...     1  gramme. 

Alcohol  90  per  cent.  ...     1  c.c. 

Olive  oil  (neutral)     ...         ...     to  3  c.c. 

Injections  were  made  of  0-2  c.c.  of  the  above  mixture  into  rabbits.  Some 
animals  received  one  injection,  others  as  many  as  five  on  successive  days. 
The  chief  features  in  such  experiments  are  concentration  of  the  alkaloid  and 
the  introduction  of  a  fatty  substance  on  the  assumption  that  it  would  act  as 
a  tissue  protector.  To  avoid  needless  repetition  it  will  be  sufficient  to  refer 
to  one  experiment  in  detail. 

A  rabbit  received  five  intra-muscular  injections  of  the  alkaloid  in  oil 
commencing  with  1/10  c.c.  containing  half  a  grain  of  quinine  on  five  successive 
days.  Each  inoculation  was  made  into  a  different  area  of  fresh  tissue.  The 
animal  was  killed  eleven  days  from  the  first  commencement  of  the  experiment. 
During  the  period  it  lost  160  grammes  in  weight.  No  advantage  would  be 
gained  by  recording  the  tissue  changes  met  with  in  each  muscular  area.   The 
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naked  eye  appearances  were  profound  in  each  focus  as  occurs  with  all  concen- 
trated injections  of  cjuinine,  wliile  the  oil  exerted  no  beneficial  action.  On 
the  other  hand  an  injection  of  one  grain  of  the  alkaloid  for  a  rabbit  must  be 
regarded  as  a  full  dose.  The  muscles  were  soft,  showed  large  areas  of  necrosis, 
thrombosis  of  vessels  and  haemorrhages  into  the  muscular  tissue.  The  red 
haemorrhagic  zone  was  sharply  defined  from  the  necrosed  pale  area. 

Microscopically  an  extensive  fibro-myositis  had  developed  with  diffuse 
muscle  necrosis.  A  polynuclear  inflammation  was  far  more  in  evidence  than 
has  occurred  in  experiments  with  other  preparations  of  quinine.  Nerve  fibres 
embedded  in  the  muscle  tissue  were  degenerated,  while  in  the  older  lesions 
tibrous  tissue  could  be  recognised  among  the  fibres  and  surrounding  them. 

The  second  injection  amounted  to  1  grain  of  the  alkaloid  in  a  total  bulk 
of  1/5  c.c.  It  had  the  advantage,  therefore,  for  this  experiment  of  concentra- 
tion. The  inoculation  was  made  in  the  muscles  in  the  front  of  the  thigh.  At 
the  autopsy  10  days  later  it  was  found  that  the  necrosis  had  spread  to  the 
muscles  at  the  back  of  the  thigh  and  the  great  sciatic  nerve  was  surrounded  by 
necrosed  and  inflammatory  tissue.  The  nerve  w^as  removed  entire  and  sections 
were  prepared  in  "Marchi"  at  various  levels.  An  extreme  degree  of  nerve 
degeneration  was  noted,  in  fact,  very  few  of  the  fibres  escaped  (PI.  Ill,  Fig.  4). 
Some  were  completely  degenerated,  others  patchy,  while  actual  haemorrhages 
into  the  nerve  had  taken  place.  Here  we  have  an  example  of  the  destruction 
of  the  sciatic  nerve  following  an  injection  of  quinine.  The  inoculation  was 
made  distant  from  the  nerve,  directly  into  a  muscle,  and  in  such  a  manner  that 
escape  of  fluid  was  well-nigh  impossible.  The  necrosis,  however,  was  so  ex- 
cessive that  it  had  extended  right  through  the  thigh  muscles  and  implicated 
the  sciatic  nerve  with  disastrous  results  for  the  animal.  This  fact,  however, 
will  be  referred  to  later.  The  entire  liver  and  both  kidneys  were  examined 
for  evidence  of  quinine  storage,  but  no  alkaloid  was  detected. 

The  Injection  of  Quinine  Alkaloid  in  Creosote  and  Fat. 

A  preparation  which  was  sent  to  Macedonia  for  trial  consisting  of  one 
gramme  of  quinine  alkaloid,  0-75  c.c.  of  beechwood  creosote  and  5  c.c.  of 
neutral  fat  was  not  found  to  possess  any  special  advantage  over  the  other 
preparations  referred  to.  Mules  received  intra-muscular  injections  of  the  above 
preparation  causing  extensive  necrosis,  and  a  gelatinous  spreading  subcu- 
taneous oedema.  A  lesion  some  6J  inches  long,  3  inches  deep,  and  2J  inches 
wide  was  produced  by  the  injection  of  10  c.c.  into  the  muscles  of  a  mule. 
Chemical  analyses  pi  the  necrosed  muscle  showed  that  the  quinine  had  been 
absorbed  with  rapidity.  Two  experiments  will  be  quoted  to  illustrate  this  point. 


Amount 
injected 

Date 

Post-mortem 
date 

Amount  of 
quinine  recovered 

Ixperiment  1. 

5  c.c. 

21st 

25th 

0-003  gramme 

2. 

5  c.c. 

22nd 

25th 

0063       „ 

Similar  evidence  in  the  case  of  human  muscle  was  also  obtained. 
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A  nisf  hroH'H  horse  (nis  i  hoc  u  Idled  inlraniKscnldrlii  irilli  ht-hi/drochloride  of 
quinine  in  suline  as  illusfntted  in  the  accowpanyinf/  lahle : 


No.  of 

exjK'ii 

nient 

I 


Ainouiit  of  hi  liNdi'iM-liloridt: 
of  (|iiiniiH!  <>in|iloyf(l 

2")  ^iTiis.  in  f)  c.c.  saline 

I •  1 25  ^Mins.  in  2-5  o.o.  saline 

lo  ;;rinH.  in  10  c.c.  saline 

2-25  grins,  in  T)  c.c.  saline 
1  125  trims,  in  2-5  c.c.  salines 


Interval  bcf ween 

iiKx-uliitioii  hikI 

aiitoiisy 

ll{  (lays 

H  (lays 

',i  days 

2  days 
;J0  hours 


11 25  urins.  in  2-5  c.c.  saline  1 ,[  hours 


Nak«;tl  i;yt;  apixfaraint;  of  tlie  tinHUcH 
at  l\n-  autopHy 

Marked  necrosis  and  fihrosis. 

Localised  n(!erosis  separated  from  a  fibrouH 

'/,on(!  hy  a  line  of  haeniorrhaj^e 
Long  tract  of  n(!crosis  with  marktul  o(!deina 

of  muscle 

Localis(!(l  necrosis  with  o(!d(;ma 
V^M-y    (;xtensiv(!    gelatinous    o(;d(!nia    with 

localised  n(!crosis 
Jjocalised    nt-crosis    with    wide    tracts    of 

haemorrhage 


A  brief  account  of  the  microscopical  appearances  of  the  lesions  referred 
to  in  the  previous  table  will  be  recorded. 

No.  1 .  Fibrous  myositis  with  complete  capsulation  of  the  necrotic  muscular 
tissues.    Active  polynuclear  inflammation  present. 

No.  2.  Fibrous  myositis  completely  enclosing  necrosed  muscle — hae- 
morrhagic  foci  and  polynuclear  inflammation. 

No.  3.  Extensive  necrosis  of  muscular  tissue  and  of  the  walls  of  blood  vessels 
resulting  in  haemorrhage  and  active  haemolytic  changes  in  the  diffused  blood. 
Agglutination  of  red  cells  very  obvious. 

No.  5.  Wide  necrosis  of  muscular  tissue  and  an  intense  leucocytic  reaction 
in  and  around  muscle  fibres  which  are  fissured,  fragmented,  and  show  all 
stages  of  degeneration.  Active  haemolytic  changes  and  masses  of  agglutinated 
red  cells  present. 

No.  6.  Diffuse  muscle  necrosis  with  long  tracts  of  oedematous  tissue 
evident.  Haemorrhagic  foci  and  active  haemolytic  phenomena  present. 
Walls  of  blood  vessels  necrosed  and  ruptured. 

A  cast  grey  mule  was  injected  intra- miiscularly  with  certain  solutions  of 
quinine  with  the  following  results: 


No. 
of  ex- 
peri-      Amount  of  quinine  injected 
ment  and  total  bulk  of  fluid 

1  4-1  grms.  alkaloid  in  10  c.c. 

of  70  %  alcohol 

2  4-5  grms.  bi-hydrochloride 

in  10  c.c.  saline 

3  2-25  grms.  bi-hydrochloride 

in  5  c.c.  saline 

4  Ditto 

5  1125     grms.      bi-hydro- 

chloride in  2-5  c.c.  saline 
0     41  grms.  alkaloid  in  10  c.c. 
of  70  %  alcohol 

7  205  grms.  alkaloid  in  5  c.c. 

of  70  %  alcohol 

8  2-25  grms.  bi-hydrochloride 

in  5  c.c.  saline 


Amount 

obtained  at 

autopsy 

0  0 14  gramme 
0-020       „ 


Interval  be- 
tween the  intra- 
muscular in- 
jections and 

the  P.M. 
examination 

8  days 

7     „ 


Appearances  of  the  muscle 
lesions  at  the  autopsy 

Fibrosis  and  extensive  necrosis 

Central  black  necrosis,  scattered 
haemorrhages.  Gelatinous 

oedema 

6     ,,  Central   necrosis   with    haemor- 

rhagic zone  at  periphery. 
Gelatinous  oedema 

6     „  Ditto  (PI.  Ill,  Fig.  5) 

4     „  Changes  similar,  but  le.'jiona  less 

extensive 

3     „  Extensive     gelatinous     oedema 

surroundinn  a  wide  area  of  dry 
necrosis  (7) 

2     .,  Central     black     necrosis     with 

oedematou.'*  ti.'^.'^uc  around 

1  hour  J*]xtensive  dry  necrosis  ab«»ut  4 
inches  square 

♦  This  does  not  represent  the  sum  total  because  some  of  the  extract  was  blown  out  of  a  flask. 


0  003 


0-0085* 
0012 

0-074 


0  048 
0-938 


» 

In  each  instance  a  difteieiit  area  of  the  animal's  body  was  used  for  the 
injection. 

The  mule  was  killed  one  hour  after  the  last  inoculation.  At  the  post-mortem 
examination,  the  aii'ected  tissues  in  the  region  of  the  injections  and  some  of 
the  surrounding  healthy  tissue  were  removed  for  estimation  of  quinine  content, 
while  a  small  portion  was  reserved  for  microscopy. 

We  can  infer  from  the  results  of  the  chemical  investigation  of  the  muscle 
lesions  as  illustrated  in  the  accompanying  table  that  the  bulk  of  the  quinine 
is  absorbed  whether  injected  as  an  alkaloid  in  alcohol,  or  as  the  bi-hydro- 
chloride  in  saline.  It  was  also  found  that  at  the  expiration  of  one  hour  from 
the  time  of  the  inoculation  to  the  death  of  the  animal  only  0-938  gramme  of 
alkaloid  was  recovered  out  of  2-25  grammes  injected. 

It  may  be  an  advantage  while  referring  to  the  rate  of  quinine  absorption 
to  cite  the  following  experiment. 

0-1  gramme  of  bi-hydrochloride  of  quinine  in  0*25  c.c.  saline  was  injected 
into  the  thigh  muscles  of  both  hind  legs  of  a  guinea-pig;  ten  minutes  later  a 
similar  quantity  was  inoculated  into  the  muscles  of  the  left  fore  leg,  and  the 
animal  was  killed  immediately.  The  left  hind  leg  was  amputated  at  the  hip 
joint  and  handed  to  Captain  Ferrey  entire.  He  obtained  0-061  gramme  of 
alkaloid  from  the  tissues  which  amounts  to  0-075  gramme  of  the  bi-hydro- 
chloride. The  tissues  in  the  injected  areas  showed  spreading  oedema  and 
marked  necrosis  of  muscle.  Agglutination  of  red  cells  and  haemolytic  changes 
had  occurred.   No  tissue  reaction  was  present. 

The  tissues  examined  immediately  after  the  intra-muscular  injection  were 
oedematous  and  the  muscles  showed  evidence  of  necrosis. 

Microscopical  Changes  in  the  Affected  Tissues. 

Lesions  Nos.  1  and  2.  The  tissue  changes  in  the  affected  muscles  which  are 
of  eight  and  seven  days  standing  respectively  were  similar  although  quinine 
alkaloid  was  injected  in  the  first  case  and  quinine  bi-hydrochloride  in  the 
second.  Microscopically  there  was  typical  fibrous  myositis  with  diffuse  muscle 
degeneration.  The  abundance  of  nuclei  in  the  muscles  among  the  fragmented 
fibres  was  very  apparent,  and  in  some  instances  gave  the  well-known  appear- 
ances of  pseudo-giant  cell  formation.  Large  haemorrhages  were  observed 
more  especially  in  relation  to  strands  of  necrosis.  Mononuclear  cells  were 
numerous  throughout  the  new-formed  fibrous  tissue,  and  foci  of  polynuclear 
phagocytes.  The  free  iron  reaction  was  demonstrated,  and  spider  cells  lying 
in  the  fibrous  tissue  were  filled  with  these  granules. 

Lesions  Nos.  3  and  4  resulted  from  the  injection  of  quinine  bi-hydrochloride 
on  successive  days.  The  fibrous  tissue  formation  was  somewhat  similar  to 
that  which  has  been  referred  to  in  the  case  of  the  first  two  experiments.  Large 
tracts  of  structureless  walls  fiJled  with  tinged  serum  were  abundant,  as  also 
scattered  haemorrhages  and  phagocytosis  of  red  cells  by  large  mononuclear 
cells.  Necrosis  of  muscle  and  splitting  up  of  muscle  fibres  were  more  evident 
than  in  the  first  two  experiments. 
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LcsUtn  No.  ."").  l^'iXtiMisivc  iicciosis  of  imiHcl(!  and  "  \acu(>hitioii  had  oc- 
curred. Some  of  tlu'  larjici-  l)loo(l  vohscIs  were  thrombosed  and  complete 
necrosis  of  the  imisculai-  walls  was  evident  while  other  vessels  showed  intense 
polynuclear  inllaiiiinat  ion.  St  lands  of  |)ol\  iniclcar  c(dls  were  scatteicd  all 
through  the  connective  tissue  stroma. 

Lesion  No.  i\.  Tlie  most  strikin*^  feature  in  this  experiment  was  a  zone  of 
necrosed  muscle  with  fibrosis  divided  from  a  layer  of  vacuolated  and  distorted 
muscle  cells  by  a  broad  line  of  haem()riliag(%  while  acute;  oedema  extended  for 
some  distance  between  the  fibres. 

Lesion  No.  7.    This  lesion  showed  two  distinct  pathological  changes: 

(1)  Haemorrhagic  area  which  contained  tracts  of  free  blood  and  congestion 
of  blood  vessels  together  with  areas  of  haemolysed  blood  in  which  were  present 
agglutinated  red  cells.  Intense  polynuclear  inflammation  had  occurred  in  the 
vessel  walls  and  all  stages  of  muscle  degeneration. 

(2)  Necrotic  area.  The  contrast  with  the  vascular  area  was  most  marked. 
Extensive  necrosis  of  muscle  with  outlying  fibres  swollen,  vacuolated,  and 
distorted  and  necrosis  of  the  muscular  walls  of  the  large  blood  vessels  was 
found.    Throughout  the  whole  tissue  there  was  polynuclear  inflammation. 

Lesion  No.  8.  This  was  produced  at  the  end  of  one  hour  by  one  injection 
of  2-25  grammes  of  bi-hydrochloride  of  quinine.  Wide  tracts  of  haemorrhage 
occurred  along  the  muscle  bundles  with  acute  oedema  spreading  in  all  di- 
rections. Muscle  fibres  were  necrosed  and  in  all  stages  of  degeneration.  In 
one  portion  of  the  affected  muscles  wide  areas  of  haemorrhage  had  occurred 
with  direct  destruction  of  large  blood  vessels.  In  this  area  intense  polynuclear 
inflammation  was  present  while  in  an  adjoining  area  leucocytic  reaction 
was  absent.  Rings  of  polynuclear  cells  were  in  evidence  in  the  sheath  of  the 
muscle  fibres,  infiltrating  the  fibres,  and  dividing  them  up  into  large  granular 
masses.  Wide  areas  of  lysed  and  partly  lysed  red  cells  were  present.  Phago- 
cytosis of  red  blood  corpuscles  by  large  mononuclear  cells  was  very  evident, 
also  clumps  of  agglutinated  erythrocytes. 

Fixation  of  Quinine  in  the  Tissues. 

These  experiments  were  undertaken  at  the  suggestion  of  Captain  J.  F. 
Gaskell,  R.A.M.C.,  so  as  to  ascertain  whether  quinine  when  injected  into  the 
muscles  becomes  immediately  fixed  locally,  as  if  so,  quinine  "absorption"' 
from  the  tissues  would  be  only  an  apparent  effect. 

Experiment  1.  Cast  Mule.  1-0  gramme  of  alkaloid  quinine  was  injected 
as  the  bi-hydrochloride  into  the  belly  of  a  leg  muscle  which  had  been  exposed 
for  this  purpose.  The  blood  vessels  were  tied  immediately  by  Captain  Moir, 
A.V.C.,  and  the  whole  muscle  and  tendons  were  removed  without  delay.  The 
chemical  analyses  were  made  by  Captain  F.  S.  Hele,  M.D.,  R.A.M.C.,  and  the 
results  were  as  follows: 

Watery  extract,  0-217  gramme. 
In  muscle,  0-595  gramme. 


'32H  EJfecfti  of  Quinine 

111  flotli  (used  in  the  experiiiieiit),  0-026  *^i*aiiiine. 

Total  quantity  of  quinine  alkaloid  obtained  from  the  muscle,  0-838  giin. 

Experiment  2.  Similar  experiment  to  No.  1  except  that  the  muscle  re- 
mained in  the  body  for  twenty  minutes  after  the  blood  vessels  were  tied  by 
Captain  Moir,  A.V.C. 

Chemical  analysis  by  Captain  Hele,  R.A.M.C. 
Watery  extract,  0-307  gramme. 
In  muscle,  0-460  gramme. 
In  cloth,  0-029  gramme. 
Total  quantity  of  quinine  alkaloid  extracted  from  muscle,  0-796  gramme. 

The  results  of  these  experiments  do  not  suggest  that  quinine  is  fixed  in 
the  tissues  immediately  after  inoculation  to  any  appreciable  extent.  Captain 
Hele  considers  that  the  amount  "lost"  in  the  above  experiments  was  due  to 
technical  difficulties. 

The  Effects  of  Intra-muscular  Injections  of  Quinine  in  Animals 

RENDERED    AnAEMIC. 

These  experiments  were  undertaken  to  ascertain  whether  intra-muscular 
injections  of  quinine  produced  more  severe  tissue  changes  in  animals  in  which 
a  severe  haemolytic  anaemia  had  been  induced  than  in  control  animals.  The 
anaemia  and  haemoglobinuria  were  induced  by  injecting  rabbits  with  the  serum 
of  a  cat  which  had  been  immunised  with  rabbit's  cells  for  the  purpose  of  these 
experiments.  The  immune  serum  was  injected  intravenously.  Blood  counts 
were  made  at  daily  intervals  and  the  weights  of  the  animals  were  carefully  re- 
corded. It  was  necessary  to  have  records  of  these  data  because  many  patients 
who  receive  intra-muscular  injections  of  quinine  are  anaemic  and  some  are 
sufi'ering  from  various  grades  of  haemolytic  toxaemia.  The  most  exhaustive 
experiment  will  be  referred  to  in  detail.  Intra-muscular  injections  of  bi-hydro- 
chloride  of  quinine  in  saHne  were  given  in  varying  amounts  from  large  to 
excessive  doses  with  the  object  of  exciting  more  severe  tissue  changes  in  the 
anaemic  animals  than  in  the  control.  The  quinine  injections  were  made  pre- 
vious to  and  during  the  period  of  severe  anaemia.  There  was  no  leucocytosis. 
On  the  contrary  a  definite  reduction  in  the  total  white  cells  occurred,  followed 
by  a  rise  to  the  total  previous  to  the  inoculation  as  the  condition  of  the  blood 
improved.  A  full  record  of  the  three  most  important  varieties  of  white  cells 
are  given,  but  the  only  noteworthy  feature  is  the  absolute  increase  in  larger 
hyaline  cells,  as  met  with  in  malarial  fever.  The  animal  showed  the  effects 
of  each  injection,  but  no  more  so  than  normal  rabbits  which  received  similar 
inoculations.  When  the  animal  was  killed  one  month  from  the  commencement 
of  the  experiment  the  sites  of  the  quinine  inoculations  were  represented  as 
patches  of  scar  tissue  which  were  most  obvious  in  the  case  of  the  excessive 
dose  of  0-6  gramme  given  thirty  days  before  the  death  of  the  animal.  The 
results  of  the  microscopical  examination  of  the  scar  tissue  were  similar  in 
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earli  iiistaiu-o.  Fihro-myositis — necrosod  muscular  tissuo — scattered  round 
celled  iiillaiiimation,  well  shown  as  a  perivaHCuIar  efVect-  and  small  foci  of 
polynucleai-  inflammation  were  the  cont-'])icuous  features  of  the  various  lesions. 
To  quote  this  expcrimcnf  is  snilicient  for  the  pur])ose  intended,  as  it  is  de- 
finitely shown  thai  (|uiiiiii(>  when  «,Mven  by  the  intra-muscular  route  in  con- 
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centrated  and  massive  doses  excites  no  greater  reaction  in  the  tissue  of  animals 
rendered  anaemic  than  in  the  case  of  the  normal,  while  no  general  effect  oc- 
curred even  when  the  inoculations  were  made  on  successive  days.  Other 
experiments  completed  on  these  lines  led  to  similar  conclusions.  One  rabbit, 
Journ.  of  Hyg.  xvm 
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o'M)  Ejf'ectH  of  Quinine 

in  which  a  severe  experimental  anaemia  had  been  induced,  received  two  massive 
intra-muscuhir  doses  of  (juinine  during  the  period  of  haemo^lohinuria,  but 
the  effects  were  similar  to  those  obtained  in  the  control  animals,  while  a  dimi- 
nution in  the  total  leucocytes  was  recorded. 

Human  Muscle. 

Muscle  tissue  from  the  region  of  a  previous  quinine  inoculation  has  been 
examined  from  several  cases  in  this  Command.  The  interval  between  the 
inoculation  and  the  examination  varied  from  so  short  a  period  as  one  hour  up 
to  three  months.  It  has  been  suggested  that  the  effects  of  quinine  on  the  tissues 
is  not  capable  of  demonstration  until  twenty-four  hours  from  the  time  of  the 
inoculation.  This  view  is  erroneous  on  experimental  evidence  while  it  is 
equally  fallacious  in  the  case  of  a  human  subject.  A  man,  comatose  from 
malarial  fever,  was  admitted  to  hospital,  an  intra-muscular  injection  of  twenty 
grains  of  bi-hydrochloride  of  quinine  was  given,  but  the  patient  died  one 
hour  later.  At  the  autopsy  a  large  area  of  black  green  necrosis  about  four  by 
four  inches  surrounded  by  gelatinous  oedema  was  discovered  at  the  seat  of 
inoculation.  All  cases  which  I  have  had  the  opportunity  to  examine  have 
received  concentrated  quinine.  Experimentally,  (juinine  injections  can  be 
given  and  the  autopsy  performed  immediately,  but  the  neurotic  action  is 
quite  obvious.  No  detailed  description  of  the  microscopical  changes  will  be 
given  in  this  section  except  such  as  refer  to  points  of  special  importance. 
Certain  cases  of  special  interest  will  be  briefly  referred  to  so  as  to  illustrate 
the  most  essential  features  as  regards  quinine  inoculation.  Twelve  grains  of 
bi-hydrochloride.  of  quinine  w^ere  injected  into  the  right  buttock  forty-eight 
hours  before  death.  At  the  autopsy  a  large  area  of  complete  necrosis  of, muscle 
was  observed  together  with  a  wide  tract  of  haemorrhage  due,  as  was  proved 
on  microscopical  examination,  to  complete  destruction  of  the  wall  of  a  large 
artery.  The  entire  necrosed  muscular  tissue  together  with  that  tissue  in 
immediate  contact  was  examined  chemically,  except  for  a  small  portion 
reserved  for  microscopy,  but  no  quinine  was  detected.  Two  intra-muscular 
injections  of  fifteen  and  twenty  grains  respectively  had  been  made  at  an 
interval  of  twenty-four  hours  and  death  occurred  about  tw^enty  hours  later. 
The  resulting  lesion  Was  similar  in  each  case — large  area  of  necrosis,  a  band 
of  haemorrhage  and  congestion,  with  a  wide  tract  of  gelatinous  oedema. 

In  the  case  of  a  Greek  labourer  w^ho  had  received  an  intra-muscular  in- 
jection of  fifteen  grains  of  bi-hydrochloride  of  quinine  twenty- two  hours  before 
death,  only  0-02  gramme  of  the  alkaloid  was  obtained  from  a  large  area  of 
necrosis  at  the  seat  of  the  inoculation.  The  absorption  here  was  rapid  in  spite 
of  the  fact  that  the  patient  was  dying  from  fulminating  pneumococcal  septi- 
caemia. 

Certain  cases  of  malarial  fever  with  malarial  parasites  present  in  the  cir- 
culating blood  were  complicated  with  blackw^ater  fever,  but  the  effects  from 
intra-muscular  injections  of  bi-hydrochloride  of  quinine  w^ere  similar  to  those 
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obsorvcd  in  I  lie  uii('()in])lica1(Ml  cjiHes,  except  that  the  haemorrha^ic  zone 
a|)])ear('(l  darkci'  in  colour,  alinosi   hlack  in  .some  iiistanees  (PI.  Ill,  Ki«^.  G). 

One  ol  tilt'  most  impoitaiil  cases  which  illuHtrate  tlie  action  of  (juinine 
occurnMl  in  tlic  case  ol  a  man  who  died  IVoni  l)lackvvater  fever  and  malaria. 
Fonr  (la\s  Ixdorc  death  lie  icccived  an  int  ra-miiscular  injection  of  twenty 
jijrains  of  hi  liNdrocldoridc  of  (|uinine.  The  inoculation  was  made  into  the 
same  huttock  which  had  been  injected  thnu;  months  previou.sly  with  a  similar 
dose  foi-  malarial  feve?-.  This  man  had  complained  of  aching  an(i  cramping 
pains  in  the  buttock  at  the  site  of  the  inoculation,  especially  if  he  sat  for  any 
length  of  time  on  a  hard  seat  or  had  prolonged  exercise.  At  the  autopsy 
intense  necrosis  had  occurred  at  the  site  of  the  recent  injection  which  merged 
into  the  old  lesion,  which  showed  dense  fibrous  tissue  at  the  centre  of  the  focus, 
and  a  definite  broad  band  of  fibrous  myositis  at  the  periphery.  Acute  poly- 
nuclear  inflammation  from  the  recent  injection  had  extended  to  this  layer  of 
fibrous  myositis.  The  pain  referred  to  could  be  explained  by  the  patch  of 
dense  fibrous  tissue  in  the  centre  of  an  important  muscle  surrounded  by  a  zone 
of  fibrous  myositis,  but  further,  owing  to  a  fibro-neuritis  which  existed  in  this 
area.  Some  of  the  nerves  of  the  muscle  were  surrounded  by  dense  fibrous  tissue, 
and  similar  foreign  tissue  had  replaced  many  of  the  nerve  fibres.  Similar  ex- 
amples were  met  with  in  cases  of  much  shorter  duration,  and  also  experi- 
mentally, a  fibro-myositis,  and  fibro-neuritis. 

A  patient  was  admitted  to  hospital  with  malignant  malaria.  He  received 
an  intra-muscular  injection  of  1-33  grammes  of  bi-hydrochloride  of  quinine 
but  died  two  hours  later.  The  w^hole  of  the  necrotic  tissue,  which  was  three 
inches  square,  surrounded  by  oedema,  was  removed  for  chemical  investigation 
except  for  a  small  portion  reserved  for  microscopy.  There  was  extensive 
necrosis  of  muscle,  necrosis  of  the  walls  of  blood  vessels,  marked  evidence  of 
haemolysis,  but  no  acute  inflammation  was  present. 

Although  the  patient  was  inoculated  when  in  extremis,  only  0-344  gramme 
of  alkaloidal  quinine  was  extracted  from  the  tissues. 

The  fact  that  necrosis  of  the  tissues  always  accompanies  the  intra-muscular 
or  subcutaneous  injections  of  quinine  is  not  reahsed  sufficiently  by  Medical 
Officers,  even  those  who  have  employed  these  methods  on  a  large  scale.  No 
better  illustration  of  the  correctness  of  this  statement  can  be  furnished,  than 
by  quoting  the  following  instance.  Owing  to  certain  bad  results  which  had 
occurred  from  intra-muscular  injections  of  quinine,  an  Army  order  was  issued 
to  the  effect  that  all  Divisional  Officers  must  report  in  detail  to  the  D.M.S. 
any  ill  effects  subsequent  to  intra-muscular  injections  of  quinine.  One  Divi- 
sional Officer  after  fifteen  months'  experience  of  this  method  of  treatment  of 
malaria  furnished  a  report  to  the  D.M.S.  to  the  effect  that  a  man  had  died 
from  malaria  and  at  the  post-mortem  examination  a  wide  area  of  necrosis  of 
muscle  was  found  at  the  seat  of  injection.  He  concluded  his  evidence  with 
the  statement  that  all  Medical  Officers  in  his  unit  had  been  warned  of  this 
unfortunate  incident  and  that  every  effort  would   be   made   to  prevent  a 
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recurrence  of  this  disaster!  I  have  discussed  the  question  of  quinine  necrosis 
with  innumerable  Medical  Officers  who  have  had  wide  experience  of  intra- 
muscular injections  of  ([uinine  and  it  is  by  no  means  uncommon  to  learn  from 
them  tliat  they  were  unaware  that  such  effects  occurred  in  the  tissues  apart 
from  negligence.  It  is  this  lack  of  knowledge  of  the  methods  of  quinine  adminis- 
tration which  serves  to  explain  the  cause  of  many  of  the  disasters  which  have 
occurred.  It  is,  therefore,  necessary  to  emphasize  that  quinine  injections  should 
not  be  given  in  the  vicinity  of  large  nerve  trunks,  or  main  arteries,  that  the 
injections  should  not  be  repeated  in  the  same  area  of  muscular  tissue  and  that 
this  method  of  quinine  administration  should  only  be  employed  when  cir- 
cumstances demand  it^. 

The  chief  complications  of  intra-muscular  injections  of  quinine  in  the  human 
subject  during  1916-17  and  '18  of  which  I  have  records  were  as  follows: 
(1)  Tetanus,  (2)  Gangrene,  (3)  Abscess  formation,  (4)  Pyaemia,  (5)  Nerve 
Palsies,  (6)  Haemorrhage  from  large  Arteries,  (7)  Sciatica,  (8)  Chronic  muscular 
pain,  (9)  Pain  and  deficient  movements  in  affected  muscles,  (10)  Thrombosis 
in  varicose  veins. 

The  Results  of  the  Estimation  of  Quinine  Alkaloid  in  Human 
Muscle  subsequent  to  Quinine  Injections. 

No.  1,  Broncho-pneumonia.  Intra-muscular  injections  of  21  grains  of  bi- 
hydrochloride  of  quinine  into  left  buttock.  Two  days  later  26  grains  were  in- 
jected on  the  opposite  side.  Death  on  the  following  day.  Amount  of  quinine 
alkaloid  recovered  from  first  injection,  0-227  gramme,  and  from  the  second 
injection,  0-345  gramme. 

No.  2,  Malignant  malaria.  Intra-muscular  injection  of  15  grains  of  bi- 
hydrochloride  of  quinine.  Death  four  days  later.  Amount  of  quinine  alkaloid 
recovered,  0-002  gramme.  This  patient  had  received  ten  intra-muscular  in- 
jections in  fourteen  days  amounting  to  115  grains,  and  six  intra-venous 
injections  which  totalled  55  grains. 

No.  3,  Malignant  malaria.  Intra-muscular  injection  of  10  grains  of  bi- 
hydrochloride  of  quinine.  Death  three  days  later.  Amount  of  quinine  alkaloid 
recovered  from  muscle,  0-0115  gramme. 

No.  4,  Lobar  pneumonia.  Intra-muscular  injection  of  15  grains  of  bi- 
hydrochloride  of  quinine.  Death  24  hours  later.  Amount  of  quinine  alkaloid 
recovered  from  muscle,  0-048  gramme. 

No.  5,  Malignant  malaria.  Intra-muscular  injection  of  18  grains  of  sul- 
phate of  quinine.  Ten  days  later  large  quantity  of  pus  evacuated.  From  50  c.c. 
of  the  pus,  0-0012  gramme  of  quinine  alkaloid  was  obtained. 

No.  6,  Malignant  malaria.  Intra-muscular  injection  of  10  grains  of  bi- 
hydrochloride  of  quinine.  Death  26  hours  later.  Amount  of  quinine  alkaloid 
recovered  from  muscle,  0-041  gramme. 

^  The  oral  method  of  administration  of  quinine  is  greatly  neglected  by  some  medical  officers 
who  are  placed  in  charge  of  cases  of  malarial  fever. 
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No.  7,  Mai i«,n lilt il  malaria.  Iiil  la muscular  injection  of  20  grains  of  })i- 
hydrochloiidc  of  (jiiiiiiiic.  Death  2  hours  latc^r.  Amount  of  quinine  alkaloid 
recovered  from  muscle,  O-.'M  1  ;iraiiimr. 

No.  S,  Lohai'  pneumonia.  I'neumococcal  meningitis.  Tntra-muscular  in- 
jection of  15  grains  of  bi-liydrocliloridi^  of  quiiune.  Death  20  hours  later. 
Amount  of  (juinine  alkaloid  recovered  from  muscles,  0-0215  gramme. 

In  e\-erv  instance  the  (juinine  was  injected  into  the  muscles  in  concen- 
trated solution— the  total  ({uantity  of  fluid  injected  did  not  amount  to  more 
than  a  few  c.c.  The  results  show,  however,  that  the  absorption  was  rapid,  as 
only  traces  of  (|uinine  were  recovered  from  the  entire  lesions,  apart  from  a 
small  focus  which  was  reserved  for  microscopy,  and  from  the  surrounding 
muscular  tissue.  Jn  No.  7,  20  grains  of  the  bi-hydrochloride  of  quinine  were 
injected  into  the  muscles,  and  the  patient  died  two  hours  later,  but  only 
0-3  gramme  was  recovered.  In  each  instance  the  area  of  necrosis  was  con- 
siderable, and  the  tissues  showed  very  marked  changes  on  microscopical 
examination. 

An  Examination  of  Muscle  Tissue  necrosed  from  Quinine 
Injections  for  the  Presence  of  Malarial  Parasites. 

Certain  specimens  of  muscular  tissue  which  had  been  examined  for  the 
presence  of  malarial  parasites  subsequent  to  the  injections  of  quinine  showed 
most  unexpected  results.  The  blood  cells  in  the  necrotic  vessels  were  com- 
pletely haemolysed,  yet  malarial  parasites  were  present  in  some  instances  in 
relatively  large  numbers  and  the  bodies  of  the  parasites  were  well  stained.  The 
parasites  would  be  diminished  in  numbers  as  compared  with  the  control 
muscle  from  another  area  of  the  body  or  from  some  visceral  lesions,  but  per- 
fectly staining  parasites  were  found  lying  in  a  necrosed  vessel  in  which  there 
were  no  normal  red  cells.  It  is  strong  evidence  that  destruction  of  red  cells 
and  tissues  generally  is  much  more  readily  excited  by  quinine  solutions  than 
malarial  parasites. 

One  case  will  be  referred  to  in  detail  to  emphasize  this  fact: 

Malignant  Malaria. 

Blood  film  showed  a  very  heavy  infection  of  red  cells  w^ith  the  ring  form 
of  parasites.    Sporulating  parasites  were  also  numerous.    Time  10.30  a.m. 

20  grains  of  bi-hydrochloride  of  quinine  were  injected  intra-muscularly 
at  11  a.m.  and  20  grains  were  injected  intra-venously.  Death  at  3.45  p.m. 
on  same  day. 

Wide  areas  of  necrosis  of  muscle  at  the  seat  of  the  quinine  injection  existed. 
There  was  great  destruction  of  the  walls  of  blood  vessels  and  the  blood  cells 
were  completely  lysed,  while  the  muscle  tissue  itself  showed  considerable 
necrosis.  Large  dot  parasites  with  well-stained  bodies  and  abundance  of  pig- 
ment were  relatively  numerous  Iving  among  the  red  cell  debris.     Parasites 
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however  were  far  more  iiuiueroii.s  in  the  internal  organs  and  in  other  muscular 
areas. 

Intra-muscular  Injection  into  Froos. 

Several  frogs  received  intra-muscular  injections  of  quinine  bi-hydrochloride 
in  saline  in  suitable  doses  for  body  weight,  and  were  killed  three  hours  later. 
The  muscles  at  the  sites  of  the  quinine  injections  were  opaque.  There  was 
marked  oedema,  complete  necrosis  of  muscle  fibres,  other  fibres  vacuolated 
or  represented  as  granular  masses  and  haemolysis  of  red  cells  in  the  affected 
areas. 

Four  frogs  with  an  average  weight  of  60  grammes  were  injected  (i.m.) 
with  quinine  and  the  resulting  lesions  were  as  follows: 

1.  Frog  injected  with  0-0004  gramme  of  quinine  bi-hydrochloride  (0-1  c.c.) 
and  killed  22  hours  later.   Muscles  opaque  and  showed  extensive  necrosis. 

2.  Frog  injected  with  0-0004  gramme  of  alkaloid  in  0-02  c.c.  of  ether  and 
killed  22  hours  later.  Extensive  muscular  necrosis.  Slight  inflammatory 
reaction. 

3.  Quinine  injection  as  in  case  of  frog  1.  Animal  killed  3  days  later.  Ex- 
tensive muscular  necrosis — abundant  haemorrhages — and  widespread  inflam- 
mation were  very  evident. 

4.  Frog  injected  with  0-0004  gramme  of  the  alkaloid  suspended  in  saline 
and  killed  3  days  later.    Results  similar  to  Experiment  3. 

These  results  were  similar  to  those  obtained  in  the  case  of  the  warm-blooded 
animals. 

CONCLUSIONS. 

(1)  Concentrated  preparations  of  quinine  produce  more  intense  necrosis 
than  dilute,  but  dilute  preparations  such  as  are  of  practical  utility  excite 
oedema  and  necrosis  at  the  seat  of  inoculation.  The  difference  between  these 
two  methods  of  quinine  inoculation  is  not  of  sufficient  value  to  justify  active 
opposition  to  the  method  commonly  employed. 

Inoculation  of  quinine  in  solutions  so  dilute  as  to  avoid  oedema  and  tissue 
necrosis  is  not  of  practical  utility  in  the  human  subject. 

(2)  A  concentrated  solution  of  quinine  is  absorbed  rapidly  from  the  tissues 
as  shown  by  chemical  analysis  even  in  patients  who  are  in  extremis.  It  is  not 
apparently  stored  as  such  in  liver,  kidneys,  or  heart  muscle. 

(3)  It  is  essential  to  realise  that  tissue  necrosis — spreading  oedema  and 
local  blood  destruction — are  produced  by  the  solvents  employed  for  quinine 
administration  and  the  efl'ects  are  only  slightly  inferior  to  those  excited  by 
quinine  salts  and  the  alkaloid. 

(4)  No  advantage  was  obtained  by  the  addition  of  olive  oil  or  fat  or  by 
injecting  the  alkaloid  dissolved  in  alcohol,  or  ether,  whether  in  concentrated 
or  in  a  dilute  solution. 

(5)  Tissue  necrosis  occurs  immediately  and  persists  for  a  considerable 
period.    In  some  instances  the  fibro-myositis  which  results  is  associated  with 
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ji    lilMo-iHMnif is    wliicli    causes   various   syiiiptoins   definitely   related   to   the 
j)al  h()l(»;jical   jn'ocosses. 

(())  Necrosis  of  Mood  vessels  in  the  area  of  inoculation  is  a  common  result. 
This  leads  to  small  liacnioFiha<,'('s  info  the  tissues,  and  has  caused  severe 
haemorihai^M's  in  the  liuman  suhject,  and  experimentally,  from  rupture  of  a 
lar«^e  vessel.  The  dest ?uct ion  of  the  vessel  wall  is  associated  with  an  accom- 
})aiiyin<j:  tlir()nd)osis. 

(7)  An  e.xtensive  necrosis  produced  hy  an  int  la-mnscular  injection  of 
<|uininc.  in  the  ncii^hhoniiiood  of  an  inipoi'tant  nerve  t/unk,  may  r(;sult  in 
ner\-e  palsy.  H^xpcii mentally,  eomj)lete  defeneration  of  the  great  sciatic  and 
other  nerves  has  been  produced  apart  from  any  direct  injury  to  the  nerve  at 
the  time  of  the  inoculation.  In  the  human  subject  this  disastrous  result  may 
be  due  to  spreadin<j:  oedema  and  extensive  tissue  necrosis. 

(8)  Experimentally,  no  leucocytosis  has  ever  occurred  from  (juinine  in- 
jections; on  the  other  hand  a  leucopenia  may  develop  while  an  increase  of 
large  hyaline  cells  has  been  recorded  on  several  occasions. 

(9)  No  essential  differences  in  the  degree  of  tissue  necrosis  from  intra- 
muscular injections  of  quinine  in  malarial  fever  or  malarial  fever  associated 
with  blackwater  fever  were  observed. 

(10)  Repeated  intra-muscular  injections  of  quinine  should  not  be  given 
into  the  same  area  of  muscle,  or  tissue  directly  adjacent,  as  otherwise  per- 
manent injury  of  muscle^  or  nerves  may  occur. 
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DESCRIPTION  OF  PLATE  III. 

Fig.  1.  Quinine  rabbit,  53-(4).  Section  of  muscle  froiu  a  rabbit  vvhicli  had  received  an  intra- 
muscular injection  of  0-04  gramme  of  alkaloid  quinine  in  Ic.c.  of  alcohol  four  days  before 
death. 

Fig.  2.  Agglutination  of  red  blood  corpuscles  in  a  large  vessel  in  the  tissue  of  a  horse  which  had 
been  injected  with  l-l  gramme  of  bi-hydrochloride  of  quinine  30  hours  previously. 

Fig.  3.  Complete  necrosis  of  large  artery  as  a  result  of  an  intra-muscular  injection  of  quinine 
alkaloid  in  brandy. 

Fig.  4.  Section  of  great  sciatic  nerve  in  a  rabbit  which  had  received  an  intra-muscular  injection 
of  1  grain  of  quinine  alkaloid  in  alcohol  11  days  previously. 

Fig.  5.  Muscle  from  a  mule  which  had  received  2-25  grammes  of  bi-hydroohloride  of  quinine  in 
5  c.c.  of  saline  five  days  before  death.    Natural  size. 

A.  Oedema,  necrosis,  patches  of  haemorrhage. 

B.  Haemorrhagic  line  showing  intense  inflammation. 

C.  Oedematous  muscle. 

Fig.  6.  Portion  of  human  muscle  from  a  case  of  Blackwater  Fever  and  Malaria.  Patient  had 
received  an  intra-muscular  injection  of  20  grains  of  bi-hydrochloride  of  quinine  48  hours  before 
death.    Natural  size. 
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I.    INTRODUCTION. 

To  the  bacteriologist  the  problem  of  how  chemical  substances  enter  and  leave 
the  cell  presents  many  features  of  special  interest.  It  is  well  known  that 
singularly  few  bacteria  produce  true  exotoxins,  the  majority  forming  endo- 
toxins, but  we  possess  little  information  as  to  the  conditions  under  which 
these  pass  the  cell-wall.  In  some  instances  it  would  seem  that  some  form  of 
autolysis  enters  in  the  matter  to  a  considerable  extent^. 

In  the  case  of  the  meningococcus,  Gordon  (1918)  has  pointed  out  that 
different  strains  of  this  germ  possess  widely  different  toxic  powers  for  mice, 
but  that  they  all  have  the  same  minimal  lethal  dose  for  these  animals  when 
ground  up  and  extracted  with  distilled  water.  Thus  in  this  case  it  would  look- 
as  if  toxicity  depended  on  the  ease  with  which  the  endotoxin  diffuses  out  of 
the  cell;  while  some  races  of  the  germ  allow  it  to  escape  freely,  others  only 
permit  it  to  pass  in  small  quantities,  but  that  all  strains  possess  the  same 
amount.  Similar  conditions  probably  hold  for  many  other  pathogenic  bacteria. 

The  striking  part  played  by  capsule  formation  in  the  acquisition  of  viru- 
lence by  many  races  of  bacteria  clearly  points  to  the  importance  of  this  struc- 

^  These  studies  had  their  origin  in  an  attempt  to  determine  some  of  the  conditions  of  autolysis 
in  the  meningococcus. 
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ture  in  preventiii*^  the  penetration  of  many  substances  into  the  bacterial  cell. 
Danvsz  (11)00)  has  drawn  attention  to  the  fact  that  anthrax  bacilli  frecjuently 
possess  arsenic  and  serum  resistant  qualities  which  are  always  coupled  with 
their  ability  to  form  capsules.  It  has  been  shown  that  organisms  like  the 
pneumococcus  and  some  streptococci,  which  sometimes  acquire  this  power, 
are  invariably  most  virulent  in  the  capsulated  condition.  The  capsule  would 
seem  to  play  a  role  similar  to  the  action  of  one  colloid  on  another,  in  preventing 
aggregation  and  flocculation,  and  the  notorious  difficulty  always  experienced 
in  agglutinating  these  forms  amply  confirms  this  contention.  This  is  supported 
bv  Porges's  (1905)  demonstration  that  they  are  easily  agglutinable,  if  the 
capsules  are  first  removed  by  heating  a  short  time  in  weak  acid. 

It  is  clear  that  the  question  as  to  how  endosmosis  and  exosmosis  takes 
place  in  living  bacteria  is  one  of  fundamental  importance,  and  its  solution 
is  bound  up  with  many  questions  of  infection,  virulence  and  immunity. 
It  is  remarkable  that  its  investigation  so  far  has  attracted  little  attention 
from  bacteriologists.  If  we  turn  to  the  domain  of  general  physiology,  we 
find  a  large  and  ever-growing  literature  dealing  with  the  subject.  It  has  been 
attacked  from  many  sides,  and  the  application  to  its  study  of  some  of  the 
recent  discoveries  of  colloid  and  physical  chemistry  have  added  very  much 
to  our  knowledge,  and  our  methods  of  dealing  with  the  problem  have  been 
greatly  extended  and  improved. 

The  question  is  necessarily  a  complex  one,  in  which  a  large  number  of 
related  and  interdependent  actions  are  simultaneously  taking  place.  It 
involves  the  passage  of  substances  from  the  external  medium,  through  the 
cell-wall  to  the  cytoplasm,  across  the  intermediary  boundary  phases.  In  a 
balanced  solution,  that  is,  one  that  contains  two  or  more  salts  in  definite 
proportions,  so  that  their  specific  individual  action  does  not  come  into  play, 
but  is  antagonised,  living  cells  can  remain  for  relatively  long  periods  without 
suffering  any  injury.  If  the  salts  are  sufficiently  numerous,  such  solutions  can 
even  act  as  nutrient  fluids,  in  which  many  plants  and  bacteria  can  actively 
grow  and  reproduce.  It  has  been  pointed  out  that  under  these  conditions 
the  cell-wall  must  be  semi-permeable,  that  the  passage  through  it  of  salts 
must  be  conditioned  to  a  large  extent  by  the  chemical  changes  going  on  within 
the  cell,  and  that  the  physical  properties  of  the  cell-wall  play  a  minor  part 
in  the  matter.  Regarded  in  this  light  the  problem  is  a  dynamical  one,  in  which 
equilibrium  is  constantly  being  adjusted  between  the  external  and  the  internal 
conditions. 

If  we  place  living  cells,  on  the  other  hand,  in  weak  but  pure  solutions  of 
these  salts  we  find  we  are  dealing  with  a  different  problem.  The  fundamental 
conditions  are  now  altered  and  the  normal  stability  of  the  cell-wall  has  been 
destroyed.  In  such  a  solution  we  are  studying  the  unantagonised  action  of 
a  salt  on  the  cytoplasm. 

The  results  obtained  from  the  investigation  of  this  side  of  the  question 
are  of  great  experimental  interest.    It  is  particularly  interesting  to  apply 
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cxporinuMits  of  this  kind  to  ))nct(Mia,  as  thorc  is  no  other  class  of  organisms 
in  wliich  suilacc  conditions  and  the  properties  of  the  cell  wall  play  a  <^reater 
part,  as  they  present  idativcly  such  a  great  extent  of  surface  for  a  given 
mass,  on  account  of  tlicii'  small  siz(^,  surface*  conditions  on  all  occasions 
determine  their  behaviour.  'V\\v.  following  pajxM-  for  tliese  reasons  is  mainly 
devoted  to  an  investigation  of  tlie  action  of  various  salts  in  pure  solutions  in 
altering  the  cell-wall  and  surface*,  conditions  of  bacteria. 

It  has  been  shown  by  Oker-Blom  (1900),  that  if  we  estimate  the  relative 
conductivity  of  various  mixtures  of  sand  and  a  solution  of  NaCl,  we  find 
this  is  proportional  to  the  quantity  of  sand  in  the  solution.  As  an  electric 
current  is  carried  through  a  solution  by  its  ions,  tlie  rate  at  which  these 
will  conduct  tlie  current  is  dependent  on  two  factors,  first  the  potential 
gradient,  and  secondly  the  friction  or  resistance  offered  by  the  solution  to 
the  passage  of  the  ions.  If  the  potential  gradient  is  kept  fixed,  then  any 
additional  obstruction  to  the  passage  of  the  ions  will  necessarily  increase 
the  resistance  and  lower  the  conductivity.  In  a  mixture  of  61  parts  quartz 
sand  and  39  parts  NaCl  solution,  he  found  the  conductivity  was  24-5  per  cent, 
that  of  the  NaCl  solution  without  sand.  The  ions  of  such  a  mixture  were 
forced  by  the  grains  of  sand  to  take  a  zigzag  course  in  passing  from  one  elec- 
trode to  another,  and  the  resistance  is  proportionally  increased. 

In  a  similar  manner  the  conductivity  method  has  been  used  by  Roth 
(1897),  Bugarsky  and  Tangl  (1897),  Oker-Blom  (1900),  Stewart  (1899), 
Woelfel  (1908)  to  determine  the  proportion  of  blood  corpuscles  to  plasma. 
If  we  measure  the  comparative  conductivity  of  blood  serum,  whole  blood, 
and  corpuscles  alone,  we  find  the  plasma  has  the  highest  figure,  the  corpuscles 
the  lowest,  and  the  whole  blood  an  intermediate  position.  Thus  these  workers 
conclude,  that  the  cellular  elements  of  the  blood,  like  the  sand  grains  in  the 
jJrevious  instance,  offer  considerable  resistance  to  the  passage  of  the  ions  of 
the  plasma. 

Stewart  (1910),  as  the  result  of  extensive  studies  on  the  conductivity  of 
normal  as  compared  with  laked  blood,  comes  to  the  conclusion  that  the 
cell  "envelopes"  of  the  corpuscles  are  relatively  impermeable  to  the  ions 
with  which  they  are  normally  in  contact.  He  found,  moreover,  that  any 
strong  cytolitic  agent,  such  as  saponin,  which  rapidly  destroys  the  envelop 
membrane,  at  once  increases  the  conductivity  of  the  corpuscles. 

This  conclusion  would  seem  to  be  supported  by  Hober's  (1913)  experiments, 
where  he  has  show^n  that  if  a  conducting  body  is  placed  in  the  axis  of  a  coil 
of  w4re,  through  which  a  rapidly  alternating  current  is  being  passed,  it  will 
dampen  or  diminish  this  current  in  proportion  to  its  power  of  conductance. 
The  internal  conductivity  of  blood  cells  is  therefore  greater  than  their  con- 
ductivity as  determined  in  the  ordinary  way.  This  indicates  that  the  cell- 
wall  or  plasma  membrane  of  the  corpuscles  offers  considerable  resistance 
to  the  passage  of  ions.  He  also  found  that  saponin,  which  undergoes  no 
dissociation,  has  little  effect  on  the  internal  conductivity,  while  its  cytolitic 
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action  on  the  cell-wall  greatly  increases  conductivity  as  determined  by  the 
Kohlrausch  method;  thus  contirminji;  Stewart's  previous  discovery. 

If  instead  of  sand  grains  or  blood  cells  we  add  living  bacteria  to  a  clear 
solution  of  Ringer's  fluid,  we  find  in  a  similar  way,  that  the  resistance  will 
increase  and  the  conductivity  decrease  in  proportion  to  the  immber  of 
bacteria  added.  If  sufficient  bacteria  are  added  to  turn  the  fluid  a  white 
milky  colour,  the  resistance  is  usually  double  that  of  the  clear  solution;  if 
we  add  enough  bacteria  to  turn  the  mixture  into  a  thick  paste  the  resistance 
may  be  trebled,  while  if  we  centrifuge  the  germs  down  in  a  solid  mass,  the 
resistance  of  the  bacterial  deposit  will  now  be  five  or  six  times  that  of  the 
original  plain  fluid.  By  placing  bacteria  in  a  similar  manner  in  various  salt 
solutions,  if  we  take  the  precaution  to  make  these  solutions  of  the  same 
conductivity  as  the  Ringer's  solution,  we  can  determine  the  specific  action 
of  these  solutions  in  altering  the  normal  conductivity  of  the  bacterial  cell 
as  originally  determined  in  the  Ringer's  solution. 

The  work  of  Osterhout  (1913),  McClendon  (1910),  and  Gray  (1916)  has 
shown  that  the  Kohlrausch  conductivity  method  is  readily  applicable  to  the 
study  of  the  action  of  salts,  in  this  manner,  on  living  plant  tissues  and  the 
animal  egg-cell.  Moreover  the  work  of  Perrin  (1904),  Oirard  (1910),  (1919  a), 
(1919  b),  Mines  (1911)  and  Brooks  (1917),  on  the  passage  of  electrolytes  through 
artificial  and  natural  membranes,  form  a  series  of  researches  of  remarkable 
interest,  when  compared  with  the  results  obtained  by  the  conductivity  method. 

The  conductivity  method  seems  to  have  been  first  employed  in  the  investi- 
gation of  living  cells  by  a  number  of  independent  workers  about  the  same 
time.  Among  these  are  Roth  (1897),  Bugarsky  and  Tangl  (1897),  and 
Stewart  (1910).  Stewart  found  as  already  mentioned  that  the  conductivity 
of  blood  plasma  was  greater  than  that  of  the  whole  blood,  and  that  the 
resistance  rose  rapidly  with  an  increase  in  the  number  of  corpuscles.  The 
action  of  saponin,  in  lowering  the  resistance  of  the  corpuscles,  was  noted 
and  he  drew  attention  to  the  fact  that  it  produced  this  effect  as  well  on 
dead  corpuscles.  McClendon  (1910)  was  the  first  to  apply  the  method,  using 
special  electrodes,  to  the  estimation  of  the  changes  taking  place  in  the  con- 
ductivity of  the  Echinoderm  egg  on  fertilisation.  This  work  was  elaborated 
still  further  by  Gray  (1916),  who  demonstrated  the  marked  action  of  the 
trivalent  salts  in  altering  the  conductivity  of  these  eggs  in  sea-water.  The 
method  was  applied  about  the  same  time  independently  by  Osterhout  (1915), 
to  determine  the  conductivity  of  the  tissues  of  the  marine  alga  Laminaria 
to  salts  in  pure  and  balanced  solutions. 

It  was  found  difficult  working  with  bacteria  to  obtain  resistances  as  high, 
even  with  the  thickest  emulsions  or  solid  masses  of  bacteria,  as  those  obtained 
by  these  workers.  Osterhout  (1918)  using  a  special  apparatus,  and  placing 
a  large  number  of  discs  of  Laminaria  tissue  one  against  another,  like  a  roll 
of  coins,  was  able  to  obtain  resistances  well  over  a  thousand  ohms;  while 
Gray,  using  eggs  that  had  been  specially  washed  to  remove  the  jelly-like 
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outer  nuMiihiaiic,  obtained  rcsislanccs  of  250-350  olims,  while,  the  resistance 
of  tlie  same  (|uantity  of  sea-water  under  the  same  conditions  was  only  10  olims. 

II.    DKsciiirriox  or  kxperimKiNts. 

It  was  found  ])ossil)le,  usin<i  hacteiia  made  uf)  into  thick  emulsions,  to 
obtain  very  similar  consecutive  readings  of  tlx-ir  resistances,  if  after  three 
or  four  preliminary  vvashiii<is  in  Ringer's  fluid  they  were  centrifuf^cd  down 
into  a  solid  mass,  and  then  made  up  in  a  thick  [)aste  with  the  same  (juantity 
(d"  fresli  fluid  eacli  time.    Tn  tlie  followin<^  experiment  (Table  I)  is  ^dven  a 

Table  I. 

ExixM-imciit  ^'i\  in^  a  .scries  of  consecutive  readin^H  of  resistanccH  made  on  the  same  meningo- 
coccus emulsion,  in  Ringer's  solution,  'i'lif  bacteria  were  centrifuged  down  into  a  solid  mass  each 
time  and  then  made  into  a  thick  paste  with  the  same  fjuantity  of  Ringer's  sol.  'fVmp.  2')-' C. 
Cell  constant  -4-22  x  10^^ 


1st  time 

104  ohms  resistance 

()th 

time 

iOS  ohms  resistance 

2nd 

KM) 

7th 

108 

3rd 

105 

8th 

107 

4th 

106 

9th 

107 

5th 

108 

10th 

108 

series  of  ten  consecutive  readings  taken  in  this  way,  on  the  same  emulsion 
of  the  meningococcus.  It  will  be  seen  that  they  agree  w^ith  one  another  very 
well,  and  only  differ  within  a  margin  of  a  few  ohms.  There  is  a  slight  tendency 
for  the  resistance  to  rise  slightly  towards  the  end  of  the  experiment.  This 
is  doubtless  due  to  the  washing  away  of  salts  brought  over  with  the  germs, 
despite  the  preliminary  washings  from  the  culture  medium.  It  can  be  neglected 
as  it  is  always  slight,  and  the  resistances  for  the  most  part  in  the  following 
experiments  have  to  deal  with  a  fall  not  a  rise.  Only  fresh  24  hrs.  cultures 
were  used,  24-30  plates  of  trypagar  being  sufficient  to  furnish  enough  material 
for  one  experiment.  The  bacteria  were  washed  off  the  plates  in  a  large  quantity 
of  neutral  Ringer's  solution^  and  centrifuged  down  and  rewashed  three  times 
in  succession  in  considerable  quantities  of  fresh  fluid  each  time,  before  being 
used  for  any  of  the  experiments  as  already  mentioned. 

All  measurements  w^ere  made  in  a  thermostat  tank,  at  a  fixed  temperature 
of  25°  C,  w^hich  did  not  vary  more  than  a  twentieth  of  a  degree.  A  direct 
reading  Kohlrausch  bridge  was  employed.  In  the  earfier  experiments  the 
resistances  were  determined  with  a  large  Hamburger  cell.  This  was  made 
to  fit  into  the  tubes  of  the  centrifuge  direct  and  the  emulsions  were  centri- 
fuged down  in  the  conductivity  cell  itself.  In  this  way  it  was  possible  to  get 
particularly  thick  emulsions  having  about  110  ohms  resistance,  while  the 
same  quantity  of  Ringer's  solution  had  only  26  ohms  resistance.  In  the  later 
experiments  a  much  smaller  cell  was  employed  and  the  emulsions  were  made 

'^M/SKC"!  ...  25C.C.     OOO:?!  M.        0  ()24  "o  KC'l. 
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NaClto...  loou  012  M.  0-7  %  NaCl. 
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considerably  thiiuier,  which  gave  slightly  more  uriiforin  readings,  and  also 
saved  time  in  the  preparation  of  the  material  itself.  In  this  case  resistances 
of  150-200  ohms  could  be  obtained,  while  the  same  quantity  of  Ringer's 
solution  had  about  85  ohms  resistance.  The  cell  constants  for  these  cells 
are  given  in  the  tables  giving  the  data  of  the  various  experiments ^ 

If  sutlicient  care  was  taken  to  get  the  original  emulsion  fairly  thick, 
resistances  of  110  ohms  could  be  pretty  constantly  obtained  with  the  meningo- 
coccus and  slightly  higher  resistances  with  H.  coll.  The  same  quantity  of 
Ringer's  solution  in  the  same  cell  under  the  same  conditions  of  temperature 
having  about  26-7-37  ohms  resistance.  Thus  about  three-quarters  (or  a  little 
less)  of  the  resistance  of  the  above  solution  is  due  to  the  presence  of  the  living 
bacteria.  It  was  found  that  dead  bacteria  offer  no  resistance  to  the  passage 
of  the  ions  of  a  solution.  Emulsions  of  dead  bacteria  have  almost  the 
same  resistance  as  that  of  the  fluids  in  which  they  are  suspended.  If  the 
above  emulsion  of  bacteria  in  Ringer's  solution  were  killed  by  adding  a  drop 
of  formalin  or  warming  the  emulsion  to  55°  C.  for  a  few  minutes,  then  on 
washing  the  emulsion  several  times  in  fresh  changes  of  Ringer's  solution  to 
get  rid  of  the  formalin  or  of  any  salts  derived  from  the  dead  bacteria,  it  will 
be  found  that  the  resistance  has  fallen  from  104  or  108  ohms  to  26-7  or  30  ohms, 
the  resistance  of  the  Ringer's  solution  alone.  Thus  there  would  seem  to  be 
something  about  the  living  condition  which  produces  the  resistance,  and  that 
dead  cells  oft'er  no  more  than  would  so  much  agar  or  gelatine. 

Living  bacterial  emulsions  undergo  little  change  in  conductivity  on 
standing  for  several  days  in  Ringer's  solution,  showing  a  slight  tendency  to 
fall  on  account  of  adsorption  of  a  little  of  the  salts  by  the  bacteria ;  this  fall 
is  always  slight. 

If,  however,  we  make  up  the  bacterial  emulsion  in  pure  NaCl*  instead  of 
Ringer's  solution,  the  NaCl  employed  having  the  same  conductivity  as  that 
of  the  Ringer's  solution,  i.e.  one  in  which  the  resistance  is  26-7  ohms  (which 
is  not  very  far  removed  in  strength  from  a  0-85  per  cent.  NaCl  solution  or 
0-124  M.),  we  obtain  as  in  the  case  of  the  same  emulsion  in  Ringer's  solution 
an  initial  resistance  of  110  ohms.  This  gradually  drops  within  a  short  time 
and  at  the  end  of  30  or  40  minutes  becomes  the  same  as  that  of  the  NaCl 
solution  without  bacteria,  i.e.  26-7  ohms.   (See  Table  II  a  and  Curve  I.) 

Thus  pure  NaCl  of  about  the  same  concentration  as  that  present  in  the 
blood  gradually  destroys  the  resistance  offered  by  the  bacterial  cell.  If  the 
germs  are  allowed  to  lie  in  the  NaCl  for  several  hours,  it  will  be  found  that  at 
the  end  of  this  time  they  are  dead.    If  they  only  remain  in  the  NaCl  a  short 

^  Unfortunately  in  the  case  of  the  large  cell  this  was  not  determined  until  most  of  the 
experiments  had  been  made  and  the  electrodes  had  been  damaged  l)y  a  slight  accident.  The  cell 
constant  was  determined  after  the  cell  had  been  repaired  and  only  applies  approximately  to  this 
cell. 

*  All  solutions  used  in  the  following  experiments  were  made  from  water  that  had  been  dis- 
tilled three  times  from  glass,  and  Kahlbaum  salts  were  employed. 


0.  SlIKARKR 


34:5 


time,  and  arc  tlicii  t  lansfcircd  to  Riiif^er's  solution  a;j:aiiK  thcv  immediately 
rcj^niin  tlu'ir  iioiinal  resistance  and  sufVer  no  injury. 

In  the  ease  of  li.  coll  even  at  the  end  of  one  hour  in  NaCI  they  are  seen  to 
he  actively  motile,  and  (h'atli  oidy  takes  plaee  slowly  after  some  time,  as 
the  probable  result  of  the  gradual  dilTusioii  out  of  the  cell  of  some  of  the 
essential  chemical  substances  necessary  to  the  living  state. 


Table  11  a. 

iSodium  chloride  Ex|)('rimcMt. 
Temp.  25°  C.    Resistance  constant  of  cell  -4-22  /  10~'. 

1.  ResistnTice  of  l^inger's  and  NfiC'l  (()124  M.)  ejicli         ...  2()-7  oinns. 

2.  Resistance  of  Type  III  Meningococcus  einidsion  in  Ringer    110  ohms. 
.'{.     Resistance  due  to  bacteria,  1 10  -  26-7    ...  ...  ...  83-3  ohms. 

4.     Resislance  of  same  emidsioii  in  NaCl  of  the  same  conductivity  as  Ringer's  sol.  after 

10  min.  ...  90  ohms. 

15  ...  80 

35  ...  49 

65  ...  28 

At  the  end  of  the  experiment  the  emulsion  was  subcultured,  at  the  end  of  48  hrs.  little  growth  had 
taken  place,  showing  the  emulsion  at  the  time  of  subculture  was  practically  dead. 

Curve  I,  showing  the  resistance  of  emulsion  of  B.  coli  in  pure  CaClg  and  NaCl  solution  of  the 
same  conductivity. as  neutral  Ringer's  solution.  Temp.  25°  C.  Resistance  of  all  solutions  26-7 
ohms.    Cell  constant  =  4-22  x  IQ-i.     CaCl2  =  01  M.,  NaCl  =0124  M. 
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If,  when  the  resistance  of  the  bacterial  emulsion  has  fallen  in  the  NaCl 
solution,  a  little  trace  of  CaCla  is  added,  it  again  returns  to  its  normal  con- 
ductivity, and  suffers  no  injury.  Thus  the  CaClg  antajionises  the  action  of 
the  NaCl. 


o44  Action  of  EUctroh/tis  on  Bucfnln 

It  was  found  that  a  small  trace  of  SiClg,  BaClg,  CdClg  could  also  antagonise 
in  a  similar  manner  the  action  of  NaCI.  (See  Tables  and  Curves  of  these 
experiments.) 

Table  II  li. 

Calcium  cdloride  Experiment  1.    Teni]).  25''  C. 
Cell  constant  =4-22  x  10~i. 

1.  Resistance  of  Ringer's  and  CaCla  (0-1  M.)*  each 26-7  ohms. 

2.  Resistance  of  emulsion  of  B.  coU  in  Ringer's  sol.  ...  1200 

3.  Resistance  due  to  bacteria,  120  -  2()-7      ...  ...  ...  93-3 

4.  Resistance  of  same  emulsion  washed  in  3  changes  of  CaClg  of  the  same  conductivity 
as  Ringer's  sol.  after  10  min.        ...         124  ohms. 

25  ...  124 

2hr8.  ...         120 

Emulsion  grew  well  on  subculture  at  end  of  experiment. 

Table  III. 

Calcium  chloride  Experiment  II.    Temp.  25°  C. 
Cell  constant  =  9-5  x  10"!. 

1.  Resistance  of  Ringer  and  CaCla  solutions  each 850  ohms. 

2.  Resistance  of  emulsion  of  B.  coli  in  Ringer         135-0 

3.  Resistance  due  to  bacteria,  135-85         500 

4.  Resistance  of  same  emulsion  in  CaClg  sol.  (0-1  M.)  after 

25  min.         ...  1(57  ohms. 

30  ...         161 

35  ...         161 

2  hrs.  ...         161 

Emulsion  grew  well  at  end  of  experiment  on  subculture. 

Table  IV. 

Calcium  nitrate  Experiment.    Temp.  25°  C. 
Cell  constant  ^9-5  x  lO"!. 

1.  Resistance  of  Ringer  and  calcium  nitrate  sols,  each      ...  85-0  ohms, 

2.  Resistance  of  emulsion  of  B.  coli  in  Ringer         ...          ...  120-0 

3.  Resistance  due  to  bacteria,  120- 85         35-0 

4.  Resistance  of  same  emulsion  in  CaNOg  isotonic  with  Ringer    124-0 

5.  Resistance  of  same  emulsion  in  CaNOg  after  1  hour       ...  1230 

Emulsion  grew  well  at  end  of  experiment  on  subculture. 

Further  experiments  with  other  salts  of  the  monovalent  group,  such  as 
KCl,  LiCl,  RbCl,  CsCl,  showed  that  each  of  these  in  turn  possessed  in  a  varying 
degree  the  power  of  reducing  the  resistance  offered  to  the  passage  of  the 
ions  of  a  solution,  in  a  manner  similar  to  NaCl.  In  all  instances  this  increase 
of  conductivity  was  reversible,  the  bacteria  returning  to  their  normal  condi- 
tion on  being  transferred  to  any  balanced  solution,  such  as  Ringer's,  sea- water, 
or  van't  Hoff's  solution.  The  addition  to  any  of  the  above  monovalent 
solutions  of  a  slight  trace  of  a  divalent  salt  such  as  CaClg,  SrClg,  or  BaClg, 
CdClg,  prevents  the  fall  in  resistance  in  the  monovalent  solution  from  taking 
place. 

^  The  molecular  strengths  of  the  solutions  have  only  been  roughly  calculated  from  the  con- 
ductivity. 
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Table  V. 

Lithiiiin  ilil(iii<li'  Ivxpnimciit.     lOiniilsioii  oi  Ji.  roll.     Tvinp.  2~t°  (\ 
Cell  .•(.nHtant  =  4-22  x  10-». 

1.  Rcsisliuwc  (if  Kin;.'cr  aiiil  I. iCi  (0-195  JVI.)  ouch  ...          ...          ...  2r»-7  ohms. 

2.  RcsiHtniicc  <»f  li.  roli  rm\i\ii\(}n  in  Ilinuor'H  sol      ...           ...          ...  l47-() 

'.\.     RcsiHtaiKw  due  t<»  hacfctia,  I  J7     20-7       ...          ...           ...          ...  l20-;{ 

4.     llesi.«laiiic  of  same  cimilsioii  iti  LiCI  sol.  (()•!)")  M.)  affcf  2.1  (iiin.  1  |.'{() 

T)      Hosisliiiicc  of  sainc  emulsion  in  LiCI  hoI.  (OOo  .M.)  alter-  ;{."»  min.  1000 

0.  Hrsistanco  of  .same  emulsion  in  LiCI  hoI.  (OlM  M.)  after  50  inin.       .SO-0 

Table  VI. 

Rnhidiuni  eliloride  Kxperimont.      KmuLsion  of  H.  coli.     Temp.  25°  C 
Cell  con.stant-^9-5x  10^^ 

1.  Kesistance  of  Ringer  and  RbCI  ...  ...  ...  S5  ohms. 

2.  Resistance  of  emulsion  of  ^.  coZj  in  Ringer  ...  ...  120 

3.  Resistance  due  to  bartcria,  120-85  ...  ...  ...  35 

4.  Resistance  in  RbCl  sol.  after  40  min.        ...  ...  ...  105 

5.  Resistance  in  RbCl  sol.  after  50  min.        ...  ...  ...  100 

Table  VII. 

H3'drochloric  acid  Experiment.     Emulsion  of  B.  coli.     Temp.  25°  C. 
Cell  constant =9-5  x  lO'i. 

1.  Resistance  of  Ringer  and  HCl  (0049  M.)  each 85  ohms. 

2.  Resistance  of  emulsion  of  B.  coli  in  Ringer         ...         ...         110 

3.  Resistance  of  same  emulsion  in  HCl  after  45  min.         ...         128 

4.  Resistance  of  same  emulsion  in  HCl  after  65  min.         ...         126 

It  was  possible  to  transfer  the  same  emulsion  from  Ringer  to  NaCl  a 
number  of  times  in  succession,  and  get  a  fall  each  time  in  NaCl  and  a  return 
to  the  normal  resistance  in  Ringer.     (See  Curve  II.) 

Of  the  members  of  the  monovalent  group,  an  exception  must  be  made 
in  the  case  of  the  H  ion.  A  rapid  rise  in  resistance  takes  place  with  all 
emulsions  of  bacteria  placed  in  weak  solutions  of  HCl,  of  the  same  conductivity 
as  Ringer's  solution;  as  will  be  seen  on  consulting  the  Table  and  Curve  dealing 
with  this  experiment. 

If,  on  the  other  hand,  a  bacterial  emulsion  is  made  up  in  a  solution  of  some 
bivalent  chloride,  such  as  CaClg,  SrClg,  BaClg^,  of  the  same  conductivity  as 
Ringer's  solution,  if  the  emulsions  are  sufficiently  thick  to  give  fairly  high 
resistances,  a  slight  rise  in  resistance  usually  takes  place.  This  is  followed 
after  6  or  9  hours  by  a  slow  fall.  If,  after  12  or  15  hours  when  this  fall  is  well 
marked,  the  emulsion  is  returned  to  Ringer's  solution,  van't  HofT's  solution, 
sea- water,  or  any  balanced  solution,  it  will  be  found  that  the  emulsion  does  not 
regain  its  normal  conductivity,  as  when  a  little  CaClg  is  added  to  a  mono- 
valent salt.  There  is  this  difference  between  the  fall  of  resistance  of  an 
emulsion  in  a  monovalent  and  a  divalent  salt,  that  in  the  latter  the  fall  is 
irreversible. 

1   \n  the  CaClg  and  other   bivalent  salt  solution.--  the  emulsions  a-v  always  more  vi.scid  and 
less  fluid  than  in  the  monovalent  salt  solutions. 

Journ.  of  Hyg.  xviii  »• 
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Curvt'  1 1.  Expt'iiuieut  ahowin^  tlit-  anta^ioniMtio  action  ot  CaC'lj  in  Ringer's  solution  to  the  action 
of  pure  NaCl  solution  of  the  same  conductivity  as  Ringer's  solution.  Meningococcus  emulsion. 
Temp.  25°  C.  Unbroken  lines  represent  the  meningococcus  in  NaCI  solution,  broken  lines— sanu- 
eniulsion  in  Ringer's  sol.,  the  emulsion  being  transferred  three  times  from  NaC'l  to  Ringer's  sol. 
In  each  instance  that  the  emulsion  was  placed  in  NaCl  the  resistance  fell  to  rise  again  almost  to 
the  normal  when  transferred  back  to  Ringer. 

A  similar  curve  was  obtained  when  a  pure  CaClj  solution  was  used  of  the  same  conductivity. 
NaCl  =  01 24  M. 
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If,  in  place  of  living,  we  use  an  emulsion  of  dead  bacteria  for  any  of  the 
foregoing  experiments,  none  of  these  changes  take  place.  They  are  therefore 
dependent  on  the  cells  of  the  emulsion  being  alive,  as  already  mentioned; 
dead  bacteria  offer  no  resistance  to  the  passage  of  the  ions  of  a  solution.  The 
gradual  fall  of  resistance  which  is  irreversible  in  a  bivalent  chloride  is  the 
result  of  the  slow  death  of  the  emulsion. 

It  may  be  suggested  that  these  effects  are  to  some  extent  the  result  of 
injury  to  the  cell  by  the  electric  current  or  its  forcing  the  ions  of  the  solution 
through  the  cells.  This  cannot  be  the  case,  as  the  action  of  the  monovalent 
cat-ion  is  as  marked,  when  the  bacteria  are  placed  in  these  solutions  in  the 
absence  of  any  electrical  current,  as  when  a  current  is  passing. 

In  a  previous  paper  (1917)  I  have  demonstrated  that  the  meningococcus 
is  rapidly  killed  if  allowed  to  remain  in  0-85  per  cent.  NaCl  solution  for  a  short 
time,  and  that  this  toxic  effect  is  avoided  if  a  small  trace  of  CaClg  is  added 
to  the  solution.  Thus  in  the  absence  of  any  current  we  can  get  the  same  results 
as  when  a  current  is  employed.   There  is  a  large  amount  of  evidence  to  show 
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that   the  cliaracteristic  action  ol  a  inoiiovalont  as  compared  with  a  bivalent 
salt   ill  |)ur('  solutioilH  is  universal  joi-  all  li\iii;i;  cells. 

Loel)  (I  !)()(■))  lias  desciihed  similar  elTccts  of  t  li<'  action  of  dilute  NaCl  on 
the  e^jj;  of  the  niaiiiie  teleost  Fuudfilu.s.  The  e<z;<^.s  of  this  fish  develop  nor- 
mally in  sea-water.  If  they  are  put  into  pure  NaCl  having  the  same  concen- 
tration as  that  of  the  sea-water,  noFie  of  them  develoj).  If,  however,  a  trace 
of  ('a('l2  is  addcnl,  as  numy  e^^s  develop  as  in  ordinary  sea-water.  The  same 
effect  is  produced  if  a  little  Sr,  or  Ba,  is  added  in  place  of  the  CaClg.  He  has 
also  shown  (19()G)  that  muscle  tissue  contracts  rhythmically  when  immersed 
in  pure  solutions  of  salts  with  a  monovalent  cat-ion,  such  as  Na,  Li,  Rb  and 
Cs,  but  that  the  addition  of  a  small  quantity  of  a  bivalent  cat-ion  inhibits 
these  contractions. 

The  interest  of  the  foregoinji;  results  consists  in  that  they  show  that  the 
action  of  electrolytes  on  bacteria  is  similar  in  all  respects  to  their  action  on 
plant  and  animal  cells,  as  determined  in  different  ways  by  Loeb  and  Wastenays 
(1915),  Osterhout  (1915),  Gray  (1916),  McClendon  (1910),  Brooks  (1917),  and 
other  workers. 

In  Laminaria,  Osterhout  (1915)  finds  that  with  CaCla,  and  also  with  BaClg 
and  SrClg ,  there  is  invariably  a  brief  temporary  rise  of  resistance  when  placed 
in  these  solutions  of  the  same  conductivity  as  that  of  the  sea-water  employed 
in  his  experiments.  This  is  followed  by  a  gradual  fall.  On  account  of  the  low 
resistance  used  in  the  present  experiments,  this  preliminary  rise  of  resistance 
is  not  so  marked.  Its  presence  was  frequently  demonstrated  with  CaClg  and 
SrClg,  as  the  data  and  curves  of  some  of  the  experiments  given  in  this  paper 
plainly  show\  In  the  few  experiments  done  with  BaClg,  it  was  not  noticed, 
but  it  is  clear  that  this  salt  can  obviously  antagonise  the  action  of  NaCl,  and 
it  undoubtedly  belongs  to  the  same  group,  and  probably  does  not  differ  from 
them  in  this  respect. 

Table  VIII. 

Magnesium  chloride  Experiment. 
Temp.  25°  C.     Cell  constant  =  4-22  x  lO-i. 

1.  Resistance  of  Ringer  and  MgClg  solutions  each  ...         ...  26-7  ohms. 

2.  Resistance  of  J5.  coZi  in  Ringer's  sol.         ...         ...         ...         1080 

3.  Resistance  due  to  bacteria,  108-26-7       ...  ...  ...  81-3 

4.  Resistance  of  same  emulsion  in  iMgClg  ?ol.  (0-09  M.)  after 

10  min.        ...         100  ohms  resistance 
20  ...  88 

25  ...  80 

35  ...  72 

45  ...  72 

1  drop  40  per  cent,  formalin  added.     Resistance  fell  to  2S  ohms. 

In  the  light  of  the  present  experiments,  the  time-honoured  practice  of 
suspending  living  bacteria  in  normal  physiological  saline  (NaCl  0-85  per  cent., 
29/200  or  0-145  M.)  would  have  little  to  recommend  it,  beyond  the  ease  with 
which  most  bacteria  can  be  emulsified  in  such  a  solution. 

23—2 
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As  usually  employed  in  practical  bacterioloj^y,  the  action  of  the  NaCl 
seldom  really  comes  into  play,  as  sufficient  CaClg  is  always  brought  over  from 
the  culture  medium  to  completely  antagonise  the  NaCl.  In  Ringer's  solu- 
tion for  instance  the  amount  of  CaCla  present  is  only  0-00187  M.  Thus  in  an 
ordinary  bacterial  suspension,  unless  this  has  been  washed  once  with  saline, 
sufficient  CaClg  is  present  to  prevent  the  specific  action  of  the  NaCl.  This  is 
doubtless  the  reason  why  the  injurious  action  of  this  salt  in  ordinary  bacterio- 
logical manipulation  has  been  so  rarely  noticed,  Flexner  (1907)  in  his  classical 
paper  on  the  meningococcus  being  one  of  the  few  to  draw  attention  to  it. 

The  use  of  saline  solution  in  practical  bacteriological  work  seems  to  have 
originated  in  a  somewhat  mistaken  opinion  of  the  importance  of  the  role  of 
osmotic  pressure  with  regard  to  bacteria,  for  which  the  well-known  paper  of 
Fischer  (1895),  on  the  plasmolysis,  is  largely  to  blame.  In  distinction  to  red 
blood  cells,  bacteria  can  easily  withstand  wide  changes  in  osmotic  pressure. 
In  the  case  of  the  meningococcus  I  have  shown  that  this  germ  can  readily 
survive  24  hours  in  pure  glass  distilled  water.    This  is  otherwise  if  the  water 
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Curve  1 J  I.    Calcium  chloride  Experiment  II.    CaCl,=01  M. 
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Curve  IV.     Strontium  chloride  Experiment, 
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has  been  ubtained  Ironi  a  metal  still.    O.storhout  (H)13)  has  also  drawn  atten- 
tion to  the  fact  that  j^lass  distilled  water  lias  no  toxic  action  on  Spiroyyra, 

while  ni»>tal  distilled  water  lias  a   niarkcd  action  in  this  respect. 


('nrv(>  \',  .sliowiriL'  the  rosistanco  (>f  li.  roli  in   PrifjisHinm  clilorid'- (      ()()'.». M.)  si.liitinn. 
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Curve  VI.     Hydrochloric  acid  Experiment. 

In  regard  to  the  action  of  MgCla,  Osterhout  (1915)  found  that  a  close  study 
of  the  action  of  this  salt  revealed  the  fact  that,  although  the  fall  due  to  its 
toxic  action  was  very  abrupt,  resembling  at  first  sight  that  of  NaCl,  this  salt 
really  acts  like  CaCL,,  BaCl2  and  SrCl^,  in  that  it  produces  a  short  temporary 
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rise  in  resistance,  followed  by  an  irreversible  slow  fall  in  resistance.  If  this 
shonld  be  the  case  then  the  fall  in  resistance  obtained  with  bacteria  should  be 
irreversible.  The  followin<i;  experiment  would  seem  to  show  that  this  is  the 
case,  and  that  MgClg  in  its  action  is  to  be  classed  with  the  other  bivalent 
chlorides  as  BaClg,  SrClg,  and  MnClg. 

Table  IX. 

Experiment  Demonstrating  the  Antagonistic  Action  of  BaClj  to  NaCl.  Temp.  25°  C. 
ill)    To  100  (.'.c.  NaCl  of  the  same  conductivity  as  Ringer's  sol.  a  few  crystals  of  BaC'l^  were 
added  until  the  lesistance  was  20  ohms. 

[b)    To  100  c.c.  Ringer's  sol.  distilled  water  was  added  till  the  resistance  equalled  20  ohms. 
I.    Resistance  of  R.  coli  emulsion  in  (6)  was  95  ohm«i. 
2     Resistance  due  to  presence  of  bacteria  was  75  ohms. 

3.    Resistance  of  same  emulsion  of  B.  colt  {a)  after  15  miu.  was  95  ohms.:  practically 
no  change. 

Table  X. 

Irreversible  action  of  MgClg  on  bacteria. 
Temp.  25°  C.     Cell  constant  -9-5  x  lO-i. 

1.  Resistance  of  Ringer  and  MgClg  solutions  each  ...         ...  83  ohms. 

2.  Resistance  of  emulsion  of  B.  roli  in  Ringer         ...  ...  138 

3.  Resistance  due  to  bacteria,  1 38  -  83  ...  ...  ...  55 

4.  Resistance  in  MgCl2  sol.  after  25  min.      ...  ...  ...  96 

5  Resistance  of  above  emulsion  plus  5  drops  CaClg  (0-1  M.)  88 

0.  Resistance  of  above  emulsion  washed  3  times  in  fresh  Ringer      88 

Table  XL 

Cadmium  chloride  Experiment. 
Temp.  25°  C.     Cell  constant  =  9-5  x  10-^. 

1.  Resistance  of  Ringer  and  CdCla  solutions  each  ...         ...  85  ohms. 

2.  Resistance  of  emulsion  of  B.  coli  in  Ringer         ...  ...  115 

3.  Resistance  of  emulsion  of  B.  coli  in  CdClg  solution  (0065  M. )    116 

Emulsion  actively  motile  at  the  end  of  the  experiment. 

Table  XII. 

Strontium  chloride  Experiment. 
Temp.  25°  C.     Cell  constant  =  9-5  x  IQ-i. 

1.  Resistance  of  Ringer  and  SrClg  ...  80  ohms 

2.  Resistance  of  emulsion  of  B.  coli  in  Ringer's  sol.  ...  105 

3.  Resistance  of  same  emulsion  in  SrCl2  so!,  after 

25  mins.       ...  115  ohms. 

60  ...         112 

In  view  of  the  results  obtained  in  the  foregoing  experiments  of  the  action 
of  the  monovalent  and  divalent  salts  in  altering  the  normal  conductivity  of 
the  bacterial  cell,  it  is  highly  important  to  determine  if  these  changes  are 
correlated  in  any  way  with  a  modification  of  pathogenic  power.  To  determine 
this  fresh  cultures  of  B.  anthracis  and  the  pneumococcus  were  used.  The 
pneumococcus  strain  was  passed  through  a  number  of  mice  before  being  used. 
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Einulsloiis  of  tlioso  bacteria  were  treated  as  in  the  preceding  experiments, 
w  illi  NaCl,  CaCl.,  and  KIh^^mm's  solution,  and  injected  into  mice  and  the  effects 
of  these  sohitions  on  path()«^enetic  powers  observed.  In  all  instances  the  salt 
solutions  used  in  these  expei  iinents  were  carefully  sterilized  before  being 
ein))loved  foi'  making  up  the  emulsions  of  bacteria.  The  results  of  these  injec- 
tions are  shown  in  Tables  XI\'^  and  XV. 

Thus  a  fresh  culture  of  B.  (infliracis  was  made  uj)  in  an  emulsion  in  Jlinger's 
solution,  its  resistance  determined,  and  then  transferred  to  NaCl  solution  of 
the  same  conductivity  as  the  Ringer's  solution,  being  rapidly  washed  in 
several  changes  of  NaCl  solution  to  ehminate  all  trace  of  the  Ringer's  solution. 
It  w^as  allowed  to  remain  in  the  NaCl  solution  (0-124  M.)  for  about  fifteen 
minutes,  till  its  resistance  had  fallen  about  two-thirds  of  the  way  to  that  of  the 
NaCl  solution  alone  without  bacteria,  and  an  estimated  dose  was  then  injected 
into  several  or  more  mice.  A  similar  dose  of  the  same  emulsion,  which  had 
remained  in  Ringer's  solution  all  the  time,  was  injected  into  a  second  lot  of 
mice,  of  approximately  the  same  weight  as  those  of  the  first  batch.  Into  a 
third  group  of  mice  a  similar  dose  of  the  same  emulsion  was  injected  in  NaCl 
solution,  to  which  a  trace  of  CaClg  had  been  added.  All  these  emulsions  were 
diluted  down  in  their  respective  fluids,  before  being  injected,  so  they  rendered 
these  fluids  slightly  turbid.  The  results  obtained  from  experiments  of  this 
kind  were  invariably  uniform. 

It  was  found  that  when  the  resistance  had  fallen  in  the  NaCl  solution, 
the  bacteria  failed  to  kill  the  mice,  or  only  did  so  after  seven  or  eight  days' 
time,  while  those  mice  that  had  received  the  same  emulsion  in  a  similar  dose 
in  Ringer's  solution  were  sometimes  dead  within  18  hours  and  were  always 
dead  within  24  or  36  hours.  The  same  appHes  to  the  mice  that  had  received 
the  germs  in  NaCl,  to  which  a  little  CaClg  had  been  added.  (See  Tables  XIV 
and  XV.) 

It  would  seem  that  either  the  majority  of  the  bacteria  in  the  NaCI  solution 
were  dead,  when  they  were  injected  into  the  animals,  or  that  the  action  of  the 
NaCl  was  such  as  to  render  them  almost  harmless.  Similar  results  were 
obtained  when  special  care  was  taken  to  see  that  the  resistance  of  the  germs 
in  the  NaCl  had  not  fallen  too  low.  Subcultures  made  from  these  emulsions, 
at  the  time  they  were  injected,  gave  a  very  good  growth  after  24  hours'  incu- 
bation, showing  that  a  fair  percentage  of  the  bacilli  were  still  alive.  There 
was  therefore  some  evidence  for  thinking  that  the  NaCl  had  a  detoxicating 
action  on  the  germs. 

It  was  found  when  some  of  these  bacilli  were  exposed  in  NaCI  solution 
(0-124  M.)  to  the  action  of  washed  leucocytes,  they  were  taken  up  by  these 
leucocytes  immediately,  and  within  a  short  time  few  free  bacteria  remained 
outside  the  phagocytes.  The  same  bacteria  in  Ringer's  soluti'Mi  under  similar 
conditions  were  taken  up  at  a  much  slower  rate  by  the  leucocytes.  This  result 
again  may  be  due  to  the  detoxicating  action  of  the  NaCl  on  the  bacteria, 
rendering  them  more  liable  to  attack  by  the  leucocytes. 
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If  on  the  other  hand  we  inject  the  same  bacteria  in  similar  doses  in  CaClg 
soUition  (0-1  M.)  they  kill  the  mice  in  even  smaller  doses  than  when  they  are 
injected  in  Ringer's  solution.  In  such  a  solution  the  preceding  experiments 
show  that  a  slight  rise  of  resistance  takes  place.  It  was  found  however  that 
the  CaCla  solution  itself  without  any  bacteria  often  had  an  ill  effect.  In  this 
respect  CaNOg  seemed  more  toxic  than  CaCl2 .  If  two  lots  of  mice  were  injected, 
one  with  a  lethal  dose  of  B.  anthracis  in  CaNOg  and  the  other  with  the  same 
germ  in  CaCla,  the  batch  that  had  received  the  bacteria  in  CaNOg  always 
were  the  first  to  die.  In  making  experiments  with  CaClg,  control  mice  were 
always  injected  with  some  of  CaClg  alone  without  bacteria;  it  was  seldom  that 
these  showed  any  ill  effects  from  the  dose  of  Ca  employed  in  the  previous  in- 
jections. It  is  clear  that  in  the  CaClg  solutions  no  detoxication  takes  place  if 
the  bacteria  are  injected  after  standing  in  this  solution  for  30  minutes,  and 
possibly  a  slight  increase  of  toxicity  takes  place. 

III.    DISCUSSION  OF  THE  BEARING  OF  SOME  OF  THE  RESULTS  OF 

THE  FOREGOING  EXPERIMENTS  ON  THE  ROLE  OF  CERTAIN  SALTS 

IN  THE  QUESTION  OF  WOUND  INFECTION. 

These  results  have  a  direct  bearing  on  some  recent  research  on  wound 
infection  and  gas  gangrene. 

Bullock  and  Cramer  (1919)  find  that  the  organisms  of  gas  gangrene, 
when  emulsified  in  saline  (NaCl  0-85  per  cent,  or  0-145  M.)  and  washed  in 
several  changes  of  this  fluid  to  remove  toxins,  fail  to  kill  mice  and  guinea- 
pigs,  while  similar  doses  of  broth  cultures  of  these  organisms  produce  a  violent 
gas  gangrene  which  kills  the  animals  in  twenty-four  hours.  In  washing  the 
bacteria  in  several  changes  of  NaCl  to  eliminate  all  toxins,  it  will  be  seen  that 
they  are  repeating  the  conditions  of  the  preceding  experiments  with  this 
salt,  where  the  NaCl  destroys  the  normal  stability  of  the  cell  wall  and  cyto- 
plasm, which  has  been  shown  to  be  correlated  by  experiments  on  animals  with 
a  loss  of  toxicity.  They  find  further  that  this  action  can  be  prevented  by 
adding  a  little  Ca  salt,  either  to  the  culture  in  saline  when  it  is  being  injected, 
or  by  injecting  the  animal  a  short  time  after  with  a  large  dose  of  Ca.  In  this 
case  they  are  simply  antagonising  the  action  of  the  NaCl,  and  under  these 
conditions,  as  has  been  shown  in  the  previous  experiments,  the  conductivity 
of  the  bacterial  cell  returns  to  its  normal  condition,  and  the  germs  regain 
their  toxic  power. 

Unfortunately,  to  determine  if  the  action  of  the  Ca  salts  is  on  the  bacteria  or 
the  tissues  of  the  animal  into  which  the  bacteria  have  been  injected,  they 
incubated  their  cultures  for  three  hours  in  weak  CaClgl  "the  suspension  was 
then  centrifuged,  and  the  bacteria  after  washing  with  saline  suspended  in 
NaCl,  and  the  suspension  then  injected  into  mice"  (p.  521).  As  would  be 
expected  they  find  that  after  this  treatment  the  germs  are  still  non-toxic. 
They  conclude  from  this  that  the  action  of  the  CaClg  is  not  on  the  bacteria, 
and  therefore  must  be  on  the  tissues  of  the  animal. 
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To  this  action  they  jjjive  tho  name  of  "  kataphylaxis."  It  would  seem, 
however,  that  the  real  j)()iiit  in  (picstion  has  been  overlooked  and  this  is  the 
action  of  the  Nad  on  the  hactciin.  In  testinj^  the  a(;tion  of  the  CaClg  on  the 
jTerms,  they  make  the  mistakf  of  \vashin«^  this  away  with  NaCl.  In  washing 
once  in  NaCl  and  resuspendin«^  the  bacteria  in  tliis  solution  for  injection, 
they  have  removed  all  tracer  of  VnCl^,  and  the  unantagonised  action  of  the 
NaCl  a<i;ain  comes  into  action.  The  ^erms  are  now  in  the  same  state  as  they 
were  previous  to  treatment  with  CaClg,  and  are  unable  to  kill  the  animals. 

No  doubt  the  injection  of  the  NaCl  or  the  CaClg  may  lead  to  a  certaii;i 
amount  of  injury  to  the  tissues  at  the  local  point  of  injection,  due  to  the 
action  of  these  salts  on  the  tissue  cells,  but  this  action  is  bound  to  be  as 
great  on  the  bacteria,  unless  we  assume  there  is  a  selective  action  on  the 
tissue  cells.  Where  the  CaClg  is  added  to  the  emulsion  of  bacteria  in  saline 
before  injection,  this  cannot  take  place  as  a  balanced  solution  results.  It  is 
obvious  that  the  action  of  the  salts  on  the  tissues  is  not  the  controlling  factor, 
as  the  result  is  the  same  in  both  cases. 

In  the  light  of  the  previous  experiments,  Bullock  and  Cramer's  results 
resolve  themselves  into  a  perfectly  straightforward  problem,  involving  the 
action  of  a  bivalent  salt  in  antagonising  the  destructive  action  of  a 
monovalent  one,  on  the  normal  stability  of  the  bacterial  cell.  It  is 
interesting  to  note,  that  they  have  been  able  to  demonstrate  the  stabilising 
action  of  another  bivalent  salt,  Sr;  as  this  salt  in  the  form  of  SrCla  has  about 
the  same  effect  on  colloidal  aggregation  as  CaClg,  this  is  what  might  be 
expected.  MgCl2  on  the  other  hand  has  little  action  in  this  respect,  and  they 
find  it  has  no  rupturing  action.  In  regard  to  the  action  of  CaClg  on  MgClg, 
this  has  also  been  pointed  out  by  several  other  observers.  Loeb  (1906)  for 
instance  has  called  attention  to  the  action  of  MgClg  in  modifying  the  action 
of  CaClg  on  the  muscular  contraction  of  the  disc  of  the  medusa  Polyorchis, 
and  has  pointed  out  that  this  is  probably  not  one  of  real  antagonism.  The 
action  of  Na  citrate  in  destroying  the  rupturing  action  of  CaCla  on  the  tissues 
is  probably  a  purely  chemical  reaction  in  which  Ca  citrate  is  formed  instead  of 
Na  citrate,  NaCl  also  being  formed. 

An  experiment  was  devised  (Table  XIII)  to  determine  if  Na  citrate  on 
being  added  to  CaCla  would  prevent  this  salt  from  antagonising  the  action 
of  the  NaCl.  A  solution  of  three  parts  NaCl  and  one  part  Na  citrate  was 
mixed,  and  to  this  a  trace  of  0-125  M.  CaClg  was  added.  The  solution  was  then 
adjusted  by  the  addition  of  a  little  distilled  water  to  have  the  same  conduc- 
tivity as  Ringer's  solution.  A  thick  emulsion  of  B.  coli  was  then  washed  in 
this  solution  several  times  and  finally  allowed  to  stand  in  it  for  an  hour.  It 
will  be  seen  on  consulting  the  following  table,  giving  the  details  of  this  experi- 
ment, that  at  the  end  of  this  period  the  resistance  of  this  emulsion  had  dropped 
very  appreciably.  It  is  obvious  that  the  CaClg  has  failed  to  prevent  the  NaCl 
from  lowering  the  resistance  of  the  emulsion.  Bullock  and  Cramer  when  they  use 
these  salts  together  are  undoubtedly  repeating  the  conditions  of  this  experiment. 
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Table  XTII. 

Experiment  to  show  the  action  of  Na  citrate  on  CaClj. 
Solutions  niaile  up  as  follows: 

:{  parts  NaCl,  0124  M.  of  the  same  conductivity  as  Rin^^er. 
I  part  Na  citrate  of  the  same  conductivity  as  Ringer. 
To  loo  c.c.  of  above  solution  1  c.c.  of  0-125  M.  CaCU  was  added  and  shaken.    Distilled  water  was 
then  added  till  the  conductivity  was  the  same  as  that  of  Rint^er's  solution. 

1.  Resistance  of  Rinijer's  sol.      ...  ...  ...  ...  ...  ...         85  ohms. 

2.  Resistance  of  NaC'l  plus  Na  citrate  plus  CaCl 2  85 

:{.    Resistance  of /?.  ro// emulsion  in  Rin<j;er  ...         ...         ...         ...       131 

4.  Resistance  due  to  bacteria,  l.*H  -  85      ...  ...  ...  ...  ...         46 

5.  Resistance  in  NaCl  plus  Na  citrate  plus  CaClg  after  1  hr 90-6 

6.  Drop  in  resistance  in  above  solution  after  I  hr.  ...         ...         ...         406 

The  CaClj  in  the  above  solution  has  not  antagonised  the  action  of  the  NaCI  on  account  of  the 
presence  of  the  Na  citrate. 


Curve  VII.    Calcium  chloride  and  Potassium  chloride  Experiment. 


Ohms 
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i>cu^,.,_^ 
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\. 
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X 
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X. 
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KCI 

w  Bacteria 
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X- 
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60- 

50- 

40- 

30- 

20- 

Ringer's 
sol. 

10- 

without  bacteria 

I        1        1        1 

1        1        1        1        1 

1       1       I 

1        1        1 

1         1         1         1 

5   10  15  20  25  30  35  40  45  50  55  60  65  70  75  80  85  90  Miiis. 


In  a  previous  paper  Cramer  (1918)  makes  some  observations  on  the 
action  of  NaCl  and  CaClg  in  affecting  the  growth  of  cancer  cells.  He  found 
that  if  equal  volumes  (about  12  c.c.)  of  sterile  M/7-5  solutions  of  NaCl  and 
CaCla  in  tap  water  were  placed  separately  in  two  test-tubes,  and  0-5  c.c. 
of  a  fresh  emulsion  of  cancer  cells  were  added  to  each  and  shaken  up  for  an 
hour  or  so,  the  emulsion  in  CaClg  on  injection  into  mice  failed  to  grow  as 
well  as  the  control  emulsions.  The  NaCl  on  the  other  hand  grew  at  about 
the  same  rate  as  the  controls,  and  the  treatment  with  this  salt  had  no  effect 
in  retarding  the  growth  of  the  cancer  cells. 
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Ctiixc  \  III.     itiiliidiuni  cliloridc  and  ( "adiiiiiini  chloride  ExiM'iininnf.     Tern]).  25°  ('. 
(VII  ((iiistaiil      !)  ."»      10    '      I'limdHion  of  li.  roll. 
Oliins 

ITsishllUT 
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Hosistaiice  of  solutions  widioiit  hactcriii 


liactcria 
ill  CdCI, 

iiacti'i'iu  ill 
Kl)(  i  sol. 


~i 1 1 1 1 1 1 \ 1 1 1 \ r- 

5       10     15     20     25     30     35     40     45     50     55     60     65 
Miniiti's 


Cramer  does  not  state  if  the  cancer  cell  emulsions  were  first  washed  several 
times  in  distilled  water  or  several  changes  of  NaCl  before  being  finally  allowed 
to  remain  in  the  NaCl,  to  remove  all  possibiUty  of  any  Ca  being  brought  over 
with  the  emulsion.  It  is  well  known  that  some  cancerous  growths  may  con- 
tain very  considerable  quantities  of  Ca.  This  amount  of  Ca  combined  with 
that  possibly  present  in  the  tap  water  employed  might  very  seriously  interfere 
with  the  action  of  the  NaCl,  especially  as  the  volume  of  NaCl  used  was  rather 
small. 

All  these  conditions  may  have  been  duly  guarded  against  in  this  work, 
but  no  information  is  given  to  this  effect  in  the  description  of  the  experiments. 

In  this  paper  as  well  as  in  the  previous  one  it  does  not  seem  to  have  been 
realised  what  a  small  quantity  of  CaClg  is  required  to  antagonise  the  action 
of  NaCl.  The  ratio  of  these  salts  for  instance  in  van't  Hoff's  solution  being 
2-3  to  100,  and  in  the  Ringer's  solution  used  in  the  previous  experiments 
the  strength  of  the  CaClg  is  only  0-00187  M.  as  already  mentioned. 

The  ions  of  one  salt  are  said  to  antagonise  another,  when  both  are  simul- 
taneously present  in  a  solution,  and  each  prevents  the  other  from  entering 
the  cell  or  exerting  its  specific  action  on  the  stability  of  the  cell-wall  and 
cvtoplasm.  Cramer  therefore,  in  placing  an  emulsion  of  cancer  tissue  in  a 
solution  of  M/7-5  CaClg  for  a  certain  time  and  at  the  end  of  this  period 
decanting  the  cells  and  resuspending  them  in  M/7-5  NaCl  solution  for  some 
time,  is  not  strictly  speaking  deaUng  with  a  condition  of  true  antagonism^ 
It  is  more  or  less  a  chance  that  under  these  circumstances  antagonism  takes 
place. 

It  is  a  question,  moreover,  if  cancer  tissue  can  be  broken  up  and  emulsified 
sufficiently  to  allow  the  NaCl  to  act  on  the  colls.  I  have  pointed  out  in  my 
paper  on  the  action  of  NaCl  on  the  meningococcus  that  it  fails  to  kill  this 


^  These  solutions  are  not  isosmotic  as  stated  in  this  paper. 
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Table  XIV. 

Kx|)eriiuents  witli  li.  (inthnivis  on  mice,  a  fit'sh  24  hr.  culture  hcin^  employed.  The  bacilli, 
after  their  conductivity  had  been  dt;termined  in  thick  emulMions,  were  diluted  down  in  each  case 
to  a  strength  approximately  equal  to  about  one  million  germs  to  the  cubic  centimeter;  in  this 
dilution  they  were  injected  in  varyint,'  doses.  0  =  animal  alive  and  well,  +  =animal  dead,  h  ^hrs., 
d     clays.    All  salt  solutions  used  for  these  experiments  had  been  carefully  sterilized. 

B.  anthracis^. 


No. 

W 

L'i;,dit 

Dose  and  character  of  solution 

Remarks 

mouse 

mouse 

injected 

Result 

1 

18 

grams. 

0-25  0.0.  in  01 24  M.  NaCl  sol. 

+ 

24  h 

Small  animal 

2 

22-5 

>»                »»                »» 

04d 

3 

30 

>»                >•                »> 

0 

>> 

4 

27 

»>                >»                »> 

0 

>» 

Slightly  ill  after  48  hrs. 

5 

25 

or> 

0 

>» 

6 

28 

>>              »>             »» 

+ 

3d 

^o  signs  of  illness  till 
3rd  day 

7 

31 

>»              >»             >» 

04d 

1 

26 

0-25  CO.  in  Ringer's  sol. 

+ 

24  h    ^ 

2 

20 

+ 

Some    of    these    had 

3 

29 

" 

been  dead  some  time 

5>                                             »>                    >> 

+ 

»> 

f    when  examined  at 

4 

32 

Oo 

+ 

>> 

end  of  24  hrs. 

5 

27 

f'                       >>           »» 

+ 

" 

1 

20 

0-25  CO.  in  CaClg  solution 

+ 

24  h 

2 

26-5 

.•»                  >»              >> 

+ 

j> 

3 

21-5 

»                  »»              »» 

+ 

j> 

4 

26 

0-5 

+ 

5> 

1 

28 

05  c.c.  CaClj,  without  bacteria 

0 

24  h 

No  signs  of  illness 

2 

30 
19 

. :   — 

>»            >>             »>            »» 

0 

»» 

1 

0-5  c.c.  NaCl  +  CaCl3  solution* 

+ 

24  h 

2 

29 

>»                  »»                  »> 

+ 

48  h 

3 

27 

>>                  >»                  j> 

+ 

24  h 

*  Composed  of  200  c.c.  0-85%  sterile  NaCl  hO-O-4  c.c.  AJ/l  CaClj  and  adjusted  to  have  the 
same  conductivity  as  Ringer's  solution. 

Table  XV. 

Experiments  with  pneumoooccus  on  mice.  The  pneumococcus  strain  had  been  passed  through 
six  mice  previous  to  its  use  in  this  experiment.  All  emulsions  were  diluted  down  to  approximately 
the  same  strength  before  being  injected  into  the  animals.  0  =  animals  alive  and  well,  +  ^animal 
dead,  h  =  hours,  d  =  days. 

Pneumococcus. 


No. 
mouse 


Weight 
mouse 


Dose  and  character  of  solution 
injected 


Result 


Remarks 


1 

25  grams. 

0-25  c.c.  in  Ringer's  solution 

+  24h 

2 

30      „ 

j>                   »»                 j> 

+     » 

3 

21       „ 

0-5 

+     „ 

4 

23      „ 

>•                    >>                  >j 

+  48h 

1 

31       „ 

0-25  c.c.  in  01 24  M.  NaCl  sol. 

0  24  h 

Dead  3rd  day 

2 

19      „ 

>>                  >>                •> 

0     „ 

3 

25      „ 

>»                  »>                >> 

0     „ 

4 

22       „ 

>>                  f>                >» 

0     „ 

5 

28       „ 

0-5 

0     „ 

Dead  8th  dav 

^  The  groups  of  animals  to  which  the  three  consecutive  tables  relate  were  in  each  case 
injected  with  the  same  bacterial  emidsion. 
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Tahie  XV  r. 
li.  (inllirdcis. 


No. 

Wt'i 

«hl 

l)()s(!  and  charjictcr  of  soliil 

ion 

lUOUSU 

inouHc 

injected 

Re  ult 

1 

26-5 

graniH. 

0-2/5  c.c.  Ringor'8  solution 

+  24h 

2 

31 

»» 

»>                  >•              >/ 

+     » 

a 

20 

,. 

1    48  li 

1 

22 

»♦ 

0-2")  c.c.  in  ()li>l  .M.  \aC| 

sol. 

0  :{ <l 

2 

27 

., 

'  ■                     >«                  »» 

0     „ 

3 

2«) 

•• 

•        M 

0    „ 

1 

30 

" 

0-2r)r.c.  iiHM24M.  NaCl  + 
trace  Ca  nitrate 

+  24  h 

2 

2.1 

" 

0-2r)C.c.  inO•124JVl.NaCl4- 
trace  Ca  nitrate 

+      „ 

germ  if  any  clunipiii<>  of  the  cocci  takes  place.  On  subsequent  incubation,  the 
bacteria  in  these  clumps  grow  and  give  rise  to  isolated  colonies;  the  NaCl 
seem  unable  to  affect  the  cocci  in  the  interior  of  the  clumps.  In  order  that  the 
NaCl  may  kill  all  the  bacteria,  it  is  necessary  to  employ  emulsions  entirely 
free  from  clumps  or  masses  of  bacteria.  I  fail  to  see  how  cancer  tissue  can 
be  emulsified  so  thoroughly  that  all  the  cells  are  separated,  and  the  NaCl 
given  free  scope  to  act. 

I  believe  this  reason,  as  well  as  the  fact  that  no  special  precautions 
were  taken  to  see  that  no  Ca  was  introduced  with  the  cancer  tissue  cells  in 
these  experiments,  accounts  for  the  failure  to  get  the  action  of  the  NaCl. 
In  these  experiments  the  real  action  of  the  NaCl  on  the  cancer  cells  has  not 
been  properly  demonstrated.  There  is  reason  to  think  that  if  they  were 
repeated  with  due  attention  to  these  points,  the  action  of  this  salt  on  the 
cancer  cell  would  be  the  same  as  on  all  other  animal  and  plant  cells.  That 
sufficiently  long  exposure  to  pure  solutions  of  NaCl  in  a  concentration  of 
0-145  M.,  say  two  or  three  hours,  would  result  in  the  death  of  these  cells. 

Thus  the  failure  to  distinguish  the  characteristic  action  of  NaCl  on  livin<T 
cells,  and  its  highly  reversible  nature,  renders  the  results  of  Cramer,  Bullock 
and  Cramer  open  to  a  different  interpretation  from  that  given  by  them. 

No  evidence  has  been  advanced  by  Bullock  and  Cramer  to  show  that  the 
action  of  the  NaCl  on  the  bacteria  is  not  the  decisive  factor  in  the  matter. 
If  a  similar  effect  could  be  produced  by  the  injection  of  the  bacteria  in  dis- 
tilled water,  there  might  be  some  ground  for  believing  that  the  action  of  the 
Ca  was  on  the  tissues.  If  on  the  other  hand  it  can  only  be  obtained  by  the 
injection  of  bacterial  suspensions  that  have  been  washed  several  times  in  NaCl, 
in  the  light  of  the  present  conductivity  experiments  the  explanation  is  obvious. 

We  come  finally  to  the  question  as  to  what  do  these  changes  in  the  con- 
ductivity of  bacterial  emulsions  signify?  Osterhout,  in  his  exj)eriments  on 
plant  tissues,  believes  that  they  give  us  definite  values  for  the  permeability 
of  the  tissues  to  the  ions.    This  view  has  been  openly  challenged  by  Stiles  and 


358  Art  ion  oj  tJlecJrohjtes  on  Hacivrin 

Jprgeiiseii  (1918),  who  point  out  that  thin  is  to  a  certain  extent  a  pure 
assumption. 

In  placing  living  cells  in  pure  salt  solutions,  no  matter  how  weak,  it  is 
doubtful  if  we  are  investigating  permeability  at  all,  but  simply  the  destructive 
action  of  the  salt  on  the  cell,  as  the  result  of  which  a  certain  amount  of  ex- 
osmosis  or  endosmosis  takes  place.  Neither  Osterhout's  experiments,  nor  those 
of  Stiles  and  J^rgensen,  or  Stiles  and  Kidd  (1919),  give  us  any  information  as 
to  how  absorption  takes  place  from  a  balanced  solution.  It  would  seem  that 
the  problem  is  one  more  for  the  protein  chemist  than  for  the  experimental 
physiologist.  , 

S^rensen  (1917),  in  his  extensive  studies  on  the  physical  properties  of 
proteins,  has  shown  that  the  capacity  of  egg-albumen  to  combine  with  acids 
and  bases,  at  a  certain  hydrogen  ion  concentration,  is  a  function  of  the  amount 
of  ammonium  sulphate  present,  and  is  greater  as  the  latter  increases. 

It  is  possible  on  a  basis  of  a  measurement  of  the  number  of  hydrogen  ions 
present  in  a  solution  of  egg-albumen,  having  a  known  composition  and 
containing  ammonium  sulphate,  to  estimate  the  total  content  of  surplus 
acid,  and  to  determine  by  formula  its  approximate  distribution  between  the 
two  phases  of  the  egg-albumen  solution. 

It  will  perhaps  be  from  investigations  of  a  similar  character,  on  the  action 
of  the  ions  of  Na,  K,  and  Ca,  on  the  physical  properties  of  the  proteins  and 
lipoids,  that  will  show  us  how  these  ions  stabilise  the  cell  membrane  and 
cytoplasm,  for  it  is  clear  that  in  the  presence  of  these  ions  the  semi-permea- 
bility of  the  cell-wall  remains  constant. 

Schryver  (1913),  in  a  series  of  researches  on  the  formation  of  gels  from 
cholate  solutions,  has  shown  that  Na  cholate  solutions  set  to  a  gel  when 
heated  in  the  presence  of  Ca.  This  gel  formation  is  readily  inhibited  by  the 
presence  of  relatively  small  quantities  of  NaCl.  In  further  experiments,  he 
showed  that  cholate  gels  are  eroded  when  immersed  in  solutions  of  NaCl 
and  other  chlorides,  and  that  this  erosive  action  can  be  antagonised  by  very 
small  amounts  of  CaCl.2.  Quantitatively,  the  chloride  solutions  in  their  erosive 
action  differ  considerably  from  one  another,  the  order  of  their  action  being  as 
follows  commencing  with  the  greatest,  LiCl,  NaCl,  MgClg  and  KCP.  It  will  be 
seen  that  we  are  dealing  in  these  experiments  with  similar  conditions  to  those 
demonstrated  by  the  previous  conductivity  experiments  on  living  bacteria. 

In  order  to  see  if  the  solutions  found  by  Schryver  to  produce  erosion  of  a 
cholate  gel  w^ould  also  produce  a  change  in  the  conductivity  of  bacteria 
emulsions,  certain  experiments  were  made;  they  all  gave  negative  results, 
however,  where  chloroform  and  chloral  hydrate  ^  were  used,  two  substances 
that  gave  the  highest  cholate  gel-destroying  capacity  in  Schryver's  work. 

^  The  effects  of  the  action  of  these  salts  on  the  permeability  of  vegetable  tissues  follows  the 
same  order,  as  determined  by  Stiles  and  Jy.rgensen  (1915).  In  the  case  of  bacteria  no  attempt 
was  made  to  determine  the  order  of  their  action,  as  the  resistances  employed  were  too  low  to 
allow  of  any  relative  comparison. 

2  These  experiments  need  repetition. 
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V.    SUMMARY. 


Tho  action  ol  uiiival<Mif  and  Mvalciit  salts  on  bacteria  in  afloctiii^  the 
coiuhictivity  of  thick  cinnlsions  of  llic  jn('nin<2;ococcuK  and  /i.  colt  dcrnon- 
strates  tin*  import  ant  fact,  that  they  alter  the  (;onductivity  of  these  ^erms  in 
tlic  livinpj  condition,  in  a  very  definite  manner.  In  tliis  alteration,  tlie  pi'C- 
doniinant  part  is  played  by  the  (;at-i()n. 

All  monovalent  cat-ions,  with  the  exception  of  the  ll-ion,  siicli  as  thos(5  of 
Na,  K,  Li,  Rb,  produce  a  rapid  increase  in  conductivity  or  a  fall  in  resistance. 
In  its  early  stajjjes  this  increasa  in  conductivity  is  readily  reversible  in  these 
solutions.  If  allowed  to  follow  its  due  course,  however,  it  leads  finally  to  death 
in  about  two  hours,  when  the  bacterial  cells  no  longer  offer  any  resistance 
to  the  passage  of  the  ions.  The  conductivity  of  the  emulsion  then  becomes 
that  of  the  fluid  in  which  the  emulsion  has  been  suspended. 

Bivalent  cat-ions  and  the  H-ion,  on  the  other  hand,  at  first  produce  a 
slight  fall  in  conductivity  or  an  increase  in  resistance,  followed,  secondly, 
by  an  irreversible  increase  in  conductivity  which  is  slow  and  gradual  resulting 
finally  in  death  after  48  or  more  hours.  This  is  shown  by  the  cat-ions  of  Ca, 
Sr,  Ba,  and  Cd. 

In  a  balanced  solution  such  as  sea-water,  blood  plasma,  Ringer's  solution, 
van't  HofE's  solution,  where  a  certain  quantity  of  CaClg  antagonises  a  larger 
amount  of  NaCl  and  KCl,  the  conductivity  of  bacterial  emulsions  undergoes 
no  change,  but  remains  constant. 

Dead  in  distinction  to  living  bacteria  offer  little  resistance  to  the  passage 
of  ions  of  a  solution.  It  would  seem  the  relatively  high  resistance  of  the 
bacterial  cell  is  due  to  some  condition  present  in  the  living  and  absent  in  the 
dead  state. 

It  has  been  shown  by  experiments  on  animals  that  the  condition  of 
increased  conductivity  of  the  cell  is  coupled  wdth  a  loss  of  virulence  in  the 
case  of  some  pathogenic  bacteria.  It  is  not  clear  from  these  experiments  if  this 
is  due  to  the  actual  death  of  the  germs  in  a  monovalent  salt  solution,  or  to  a 
detoxicating  action  of  these  solutions  on  the  germs.  It  w^ould  seem  there  is 
some  evidence  for  believing  that  the  latter  takes  place,  as  the  lost  lethal  power 
returns  in  the  presence  of  a  small  trace  of  Ca.  In  bivalent  salt  solutions  no 
loss  of  toxicity  takes  place.  It  has  been  pointed  out  that  the  action  of  mono- 
valent and  bivalent  salts  on  bacteria  offers  a  new  explanation  of  certain 
experiments  with  gas  gangrene  organisms,  where  it  is  at  present  considered 
that  the  action  of  the  salts  are  on  the  tissues  of  the  animal  and  not  on  the 
bacteria. 
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THE  CULTIVATION  OF  AKIU)BIO  BACTEPvIA 
FROM  SINGLK  (MOLLS. 

By  EDWAI^I)  C.   IIOIIT,   K.K.(M\  (Kdin.). 

(With  I  Text-fi^rure.) 

In  order  to  obtain  cultures  of  aerobic  bacteria  from  single  cells  it  i.s  hardly 
necessary  to  insist  that  a  method  of  isolation  should  be  employed  which  can 
be  relied  on  to  ensure  that  one  orj^anism,  and  one  only,  is  the  starting  point 
for  inoculation  of  the  first  subculture.  Unfortunately,  for  technical  reasons 
which  will  be  explained,  no  such  method  is  at  present  available. 

The  object  of  the  present  note  is  to  show  why  the  present  methods  of 
isolation  are  unsatisfactory,  and  at  the  same  time  to  describe  a  simple  and 
convenient  method  on  which  reliance  can  be  placed.  The  methods  at  present 
in  use  include  the  fragmented  glass  method,  the  Indian  ink  method,  the 
squared  coverslip  method,  the  capillary  tube  method,  the  Barber  method, 
and  the  droplet  method,  of  which  the  Malone  method  is  a  modification. 
It  is  assumed  that  the  principles  underlying  the  use  of  these  methods  are 
sufficiently  well  known  to  preclude  the  necessity  for  a  detailed  description 
of  each.  The  fallacies  and  drawbacks  incident  to  their  employment  will 
therefore  mainly  be  dealt  with,  though  a  certain  amount  of  description  of 
the  less  well-known  methods  is  unavoidable. 

THE  FRAGMENTED  GLASS  METHOD. 

By  this  method  of  isolation,  a  description  of  which  I  am  unable  to  find, 
an  attempt  is  made  to  superimpose  on  selected  single  cells,  scattered  over 
agar  or  gelatin,  small  fragments  of  thin  glass  in  the  hope  that  successful 
inoculation  of  a  suitable  medium,  such  as  broth,  will  result  by  placing  a 
selected  fragment  with  its  adherent  organism  in  such  medium.  The  disad- 
vantages of  the  method  are  as  follows: 

1.  Only  dry  lenses  can  be  employed. 

2.  The  poor  visibility  of  organisms  lying  under  the  prismatic  edges 
of  the  fragments  of  glass  often  makes  it  impossible  to  be  certain  that  only 
one  organism  is  present  under  the  fragment  of  glass  selected. 

3.  When  picking  up  the  selected  fragment  it  is  difficult  to  be  certain 
that  organisms  lying  close  to  the  fragment  are  not  also  unwittingly  picked 
up  by  slight  displacement  of  the  fragment  during  the  process  of  removal. 
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4.  Once  the  selected  frajrment  has  been  pickt^d  up  it  is  difficult,  or 
impossible,  satisfactorily  to  re-examine  it  with  a  view  to  determining,' 
the  presence  or  absence  of  organisms  not  previously  noticed. 

5.  As  usually  employed  no  control  observations  of  growth  from 
sin'de  cell  to  single  colonv  can  be  carried  out  to  determine  the  presence 
or  absence  of  more  than  one  organism,  because  the  selected  fragment  is 
at  once  placed  in  broth  or  other  suitable  liquid  medium.  It  is  of  course 
possible  to  select  a  fragment  of  glass  which  appears  to  be  lying  on  one 
oroanism  only,  to  incubate  the  culture  until  colony  formation  is  well 
established,  and  to  examine  again  before  removal.  In  practice,  however, 
disadvantages  2  and  3  come  into  operation,  and  invalidate  this  method 
of  control.  Apart  from  disadvantages  1  to  5,  which  together  prohibit  the 
use  of  the  fragmented  glass  method  for  scientific  work,  there  are  two 
minor  drawbacks  to  the  method.  The  first  of  these  is  the  mechanical  diffi- 
culty of  superimposing  small  fragments  of  glass  over  selected  organisms, 
there  being  often  about  50  per  cent,  of  failures  even  after  considerable 
practice.  And  the  second  lies  in  the  fact  that  frequently  removal  of  the 
selected  fragment  fails  to  remove  also  the  organism  desired. 

THE  SQUARED  COVERSLIP  METHOD. 

By  this  method,  described  by  Hewlett,  a  large  coverslip  is  employed 
on  which  are  etched  several  numbered  squares.  On  the  coverslip  is  poured 
a  thin  layer  of  agar,  or  gelatin-agar,  a  minute  quantity  of  a  liquid  culture  of 
the  desired  dilution  being  spread  with  a  glass  rod  over  the  agar  when  set. 
The  coverslip  is  then  inverted  over  a  hollow  moist  cell,  and  examined  with 
a  dry  lens.  The  position  of  an  individual  organism  in  a  given  square  is  then 
noted,  and  the  culture  is  incubated.  When  colony  formation  is  sufficiently 
marked  to  be  visible  to  the  naked  eye  the  selected  colony  is  removed,  and 
dealt  with  in  the  ordinary  way.  In  theory  this  method  sounds  promising, 
because  it  would  appear  to  allow  of  control  observations  being  made  during 
development  from  single  cell  to  single  colony,  and  so  of  ensuring  that  one 
organism,  and  one  only,  is  the  starting  point  of  the  desired  culture.  In 
practice,  however,  the  method  is  of  litfle  or  no  value  for  the  isolation  of 
bacteria,  especially  when  small,  because  the  visibility  of  organisms  on  an 
inverted  culture  is  extremely  poor,  even  under  optimum  conditions  of  illumina- 
tion. It  is  therefore  impossible  to  be  certain  that  only  one  organism  is  present 
in  a  given  square,  and  that  a  colony  which  appears  to  be  derived  from  one 
cell  only  is  not  in  reality  derived  from  two  or  more  coalescing  colonies  from 
two  or  more  adjacent  cells.  And  the  necessity  for  waiting  until  colony  forma- 
tion is  sufficiently  far  advanced  to  allow^  of  removal  under  the  naked  eye 
greatly  increases  this  danger. 


TIIK  INDIAN  INK  AlKTHOI)  ol'  lilRin. 
Vov  ;ic('uriit('  woik  this  indliod,  (l('.s(;ril)(!(l  in  didail  by  J^osson,  is  not 
satisfaclorv,  owinu,  to  llic  te.ndcncy  to  concealiruMit  of  minute  or<^ani.srns  by 
tho  pii^niont,  althou^li  tlioorctically  they  should  stand  out  in  f)oId  relief 
eviMi  w  hen  ncni-  to  the  vanishinu  point  of  vision.  Numerous  experiments  with 
Congo-red,  and  oIIkm-  j)imn('nts,  have  convinced  me  that  these  suffer  from 
the  same  defects  as  does  Indian   Ink. 

THE  C^APILLARY  TUBE  METHOD. 
In  191G  1  experimented  for  several  weeks  with  round,  and  with  flat, 
capillary  glass  tubes  filled  with  dilute  broth  or  gelatin  cultures.  The  best 
results  were  obtained  with  extremely  fine  flexible  strands  of  tubular  glass, 
attached  in  short  lengths  to  microscope  slides  wdth  plasticine,  the  desired 
section  containing  the  selected  organism  being  excised  with  a  sterile  knife, 
and  dropped  into  broth.  Prolonged  examination  of  these  sections  at  a  tem- 
perature which  precluded  multiplication  showed  however  that  even  under 
optimum  conditions  of  illumination  the  method  is  a  treacherous  one,  and  it 
was  therefore  abandoned  for  the  isolation  of  aerobic  organisms,  though  the 
fact  that  it  is  possible  to  examine  these  fine  tubular  threads  of  glass  with  an 
oil-immersion  lens  was  a  strong  temptation  to  continue  the  experiments. 
A  further  drawback  to  the  method  for  aerobic  organisms,  unless  freely  motile, 
is  the  difficulty  of  ensuring  passage  of  the  contained  organism  into  the  sur- 
rounding broth,  multiplication  within  the  tube  apparently  not  taking  place. 
For  anaerobic  organisms,  as  recorded  in  1918  by  Holker,  the  method  has 
obvious  advantages,  though  the  optical  difficulties  of  ensuring  the  presence 
of  single  organisms  still  remain. 

BARBER'S  METHOD. 
By  this  method  an  attempt  is  made  to  isolate  single  cells  from  liquid 
cultures  with  the  aid  of  minute  pipettes  held  in  a  mechanical  finger  operated 
by  an  ingenious  adjustment  device.    This  method  is  unreliable  because 

(a)  Once  the  pipette  has  been  removed  re-examination  to  determine 
whether  more  than  one  organism  is  or  is  not  present  is  impossible. 

(6)  Control  observations  of  development  from  single  cell  to  single 
colony  cannot  be  carried  out  owdng  to  the  exclusive  use  of  a  liquid  medium 
in  the  early  stages. 

(c)  Of  the  optical  difficulties  attendant  on  the  examination  of 
droplets  {vide  "the  droplet  method"). 

THE  DROPLET  METHOD. 
In  theory  this  method  is  a  good  one.  because  it  allows  of  the  use  of  an 
oil  immersion  lens.    It  nuiy  be  used  in  ouo  of  tliree  ways: 

1.  A  sharp  pointed  spud  of  hard  wood,  sterilized  by  immersion  in 
40  per  cent,  formalin,  and  dried  just  before  use  in  sterile  wool,  is  dipped 
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into  a  broth  iiiltuie  of  the  desired  dikition.  Momentary  contact  is  then 
made  between  the  point  of  the  spud  and  the  centre  of  a  minute  rinj^  cut 
on  a  sterile  coversUp  with  a  revolving  diamond.  The  inoculated  coverslip 
is  then  inverted  onto  the  upper  edge  (moistened  with  Canada  balsam) 
of  a  »i;lass  collar  cemented  to  a  microscope  slide,  and  is  examined  with 
a  dry  lens.  The  minute  droplet  is  easily  recognized  in  the  centre  of  the 
etched  ring,  and  provided  that  its  diameter  is  not  greater  than  that  of 
the  microscopic  field  it  can  be  thoroughly  examined  in  a  few  seconds 
with  the  dry  lens,  and  in  a  few  minutes  with  an  oil-immersion  lens. 
A  series  of  rings,  each  with  its  own  droplet,  can  be  examined  in  turn  on 
each  coverslip  till  one  droplet  is  found,  apparently  containing  only  one 
organism.  The  coverslip  is  then  removed  and  placed  on  its  back  in  a 
sterile  Petri  dish.  A  small  drop  of  broth  is  then  delivered  into  the  centre 
of  the  ring  containing  the  selected  organism,  and  is  recovered  with  a 
fine  sterile  pipette,  delivery  being  finally  made  into  a  tube  of  broth. 

2.  Delivery  is  effected  by  depositing  minute  droplets  with  a  hair 
pipette  attached  with  plasticine  to  a  pipette  of  larger  bore  provided  with 
a  rubber  teat,  accurate  delivery  being  effected  by  slight  compression  of 
the  rubber  teat  at  the  exact  moment  of  contact  of  the  tip  of  the  pipette 
with  the  centre  of  each  etched  ring.  As  in  droplet  method  I,  to  ensure 
ra})id  examination,  the  diameter  of  the  drop  should  not  exceed  that  of 
the  microscopic  field  afforded  by  the  dry  lens  employed  in  the  preliminary 
search. 

3.  Delivery  is  effected,  on  an  inverted  coverslip  in  a  closed  glass  cell, 
of  a  series  of  minute  droplets  from  a  fine  pipette  by  an  ingenious  arrange- 
ment devised  by  Malone,  using  two  microscope  stands  for  the  purpose. 
Each  droplet  is  examined  in  turn,  and  the  selected  droplet  is  finally 
collected  with  a  fresh  pipette,  using  the  same  mechanical  device  for 
collection  as  for  distribution. 

In  practice  the  droplet  method,  whether  delivery  be  effected  by  wooden 
spuds,  by  the  direct  pipette,  or  by  the  inverted  pipette  of  Malone,  is  disap- 
pointing. This  is  because  the  minute  size  of  the  drop  which  must  be  employed 
to  avoid  grave  error  often  involves  a  fatal  retraction  of  the  periphery  of  the 
drop,  wdth  the  danger  of  leaving  stranded  in  the  shrinkage  area — even  in 
a  moist  cell — organisms  which  rapidly  fade  from  view,  but  which  neverthe- 
less, as  experiment  shows,  are  not  necessarily  dead.  This  retraction  difficulty 
can  be  to  some  extent  avoided  by  using  a  20  per  cent,  solution  of  glycerin 
in  water  as  the  bacterial  vehicle,  though  the  percentage  of  successful  cultiva- 
tions is  in  practice  small  owing  to  the  lethal  effect  of  the  necessarily  high 
concentration  of  glycerin.  Even  apart  however  from  the  retraction  difficulty 
the  visibility  of  bacteria  in  minute  hanging  droplets  is  always  poor,  and  makes 
it  impossible  to  be  absolutely  certain  that  one  organism,  and  one  only,  is 
present  in  the  droplet  it  is  desired  to  use  as  inoculum.   And  finally,  as  in  the 
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case  of  other  methods  involving  the  use  of  liquid  media  throughout,  it  is  not 
possible  with  any  modification  of  the;  droplet  method  to  carry  out  control 
observations  of  development  from  sin<^le  cell  to  sin<r]e  colony. 

We  learn,  tlien,  from  this  brief  review  of  the  methods  of  isolation  at 
present  available  tiiat   for  the  reason  just  stated 

1.  Control  observations  from  sin«,de  cell  to  sin<^le  colony  are  abso- 
lutely essential  because  of  the  optical  difnculties  which  attend  all  known 
methods,  makinj^  it  impossible  to  r(^ly  u[)on  any  results  from  sinj^h^ 
observations. 

2.  Any  method  which  aims  at  isolation  from  liquid  media  is  inad- 
missible. This  at  once  excludes  Barber's  method,  all  the  droplet  methods 
and  the  capillary  tube  methods. 

3.  For  the  same  reason  the  fragmented  glass  method  and  the  Indian 
Ink  method  must  also  be  rejected. 

We  are  thus  left  with  only  the  squared  coverslip  method  which  has  greater 
optical  disadvantages  than  any  other  method,  disadvantages  which  are 
inseparable  from  the  use  of  an  inverted  medium  inoculated  on  its  distal 
surface. 

It  would  seem  therefore  that  the  only  chance  of  finding  a  reliable  method 
of  isolation  is  to  employ  direct  examination  of  organisms  on  a  solid  medium, 
and  to  insist  on  a  series  of  control  observations  in  order  to  be  certain  that  in 
the  development  from  cell  to  colony  one  cell,  and  one  cell  only,  is  originally 
present. 

At  a  time  when  it  was  believed  that  bacilli  or  cocci  can  only  arise  from 
pre-existent  bacilli  or  cocci  by  equal  binary  fission  the  necessity,  especially 
in  the  case  of  the  larger  organisms,  for  control  observations  during  develop- 
ment from  single  cell  to  single  colony  was — naturally  enough — not  apparent. 
Now,  however,  that  it  is  known  that,  for  example,  minute  gonidial  forms 
extruded  from  the  mother-cell  are  often  themselves  highly  fertile  it  is  clear 
that  complete  control  observations  are  essential  in  order  to  ensure  that  the  un- 
suspected presence  of  these  minute  forms  does  not  give  rise  to  serious  error. 

Of  the  two  methods  now  to  be  described  one  is  suitable  for  oil-immersion 
work,  and  the  second  for  dry  lens  work  only. 

FOR  0IL-IMMER8I0X  LENS. 

A  series  of  sterile  coverslips  is  prepared,  each  with  a  small  ring  etched  on 
one  of  its  surfaces.  At  the  same  time  is  also  prepared  a  dozen  or  more  clean 
sterile  microscope  slides,  over  each  of  which  is  poured  under  cover  of  a  Petri 
dish  filtered  peptone-agar  in  a  thin  layer.  A  dilute  culture  is  now  prepared, 
and  in  turn  each  coverslip  is  inoculated  in  the  centre  of  the  etched  rin<]j  with 
the  minutest  possible  droplet  of  the  culture.  Each  inoculated  coverslip  is 
now  placed  face  downwards  on  each  agar  slide,  care  bein^];  taken  to  ensure 
direct  application  of  slip  to  agar  without  sliding  of  the  former  over  the  latter. 
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Gi'eat  care  must  also  be  taken  to  ensure  that  the  droplet  of  inoculum  is 
sutticiently  small  not  to  run  outside  the  ring  when  tirin  pressure  is  exerted 
over  the  slip  when  in  situ.  With  a  little  practice  this  accident,  which  is  of 
course  fatal  to  the  experiment,  can  be  avoided,  it  being  quite  possible  to 
effect  delivery  of  a  droplet  so  small  in  diameter  as  to  be  hardly  visible  to  the 
naked  eye,  and  well  within  the  field  of  vision  allowed  by  a  dry  lens  of  g-in., 
and  the  appropriate  ocular.  After  careful  search  with  the  dry  lens  an  oil- 
immersion  Lens  is  substituted,  and  the  whole  area  within  the  etched  circle 
is  thoroughly  examined.  If  only  one  organism  can  be  found  the  immersion 
oil  is  carefully  removed,  and  the  slide  is  incubated  at  37°  C.  for  four  to  six 
hours,  being  examined  at  intervals  of  20  minutes  throughout  this  period. 

When  the  observer  is  perfectly  satisfied  that  the  colony  now  in  process 
of  formation  has  started  from  the  original  cell,  careful  drawings  being  made 
throughout,  and  that  only  that  particular  cell  was  originally  present  within 
the  etched  ring,  the  slide  is  now  replaced  in  the  incubator.  Twelve  to  eighteen 
hours  after  inoculation  the  coverslip  is  removed  with  sterile  forceps,  and  a 
platinum  loop  charged  with  broth  is  rubbed  over  the  area  of  glass  enclosed 
by  the  etched  ring,  the  second  subculture  being  then  carried  out  in  the  ordinary 
way. 

This  method,  using  an  oil-immersion  lens,  is  tedious  on  account  of  the 
necessity  for  removing  the  oil  used  at  each  examination,  preparatory  to 
each  re-incubation.  The  brilliancy  of  outline  produced  by  pressure  of  the 
coverslip  on  the  agar  surface  and  the  increased  amount  of  detail  to  be  made 
out  by  using  an  oil-immersion  lens,  more  than  compensate  however  for  this 
trifling  drawback.  And  if  it  is  desired,  as  was  the  case  in  most  of  my  studies, 
to  obtain  careful  drawings  of  warm-stage  development  of  morphological 
changes  in  the  passage  from  single  cell  to  single  colony  it  is  incomparably  the 
best  method,  though  the  relative  loss  of  oxygen  necessitated  is  certainly  a 
drawback. 

The  accompanying  figure  illustrates  what  actually  happens  in  such  a 
case,  and  demonstrates  how  clearly  the  morphological  changes  can  be  followed 
by  using  this  method,  though  in  this  particular  case  the  experiment  was  not 
undertaken  with  a  view^  to  subsequent  identification  of  the  nascent  colony 
shown. 
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Fig.  1.    B.  typhosus.     RecDid  of  development  of  a  eolony  observed  between  4.55  and  6.50  p.m. 
on  +  10  agar,  from  4%  glucose  broth. 
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THE  PERFORATED  PLATE  METHOD—FOR  DRY  LENS  ONLY. 

For  ()rdin;n\  |)inj)()S('s  of  isolation  of  sinj^lc.  cells,  however,  in  wliich  all 
that  is  riMjuircd  is  a  series  of  (tareful  control  observations  to  ensure  that  a 
culture  Jias  been  started  from  one  or<^^anisin  ordy—  without  any  necessity, 
tliat  is,  for  elaborate  studies  of  inorpholoj^ical  chan<^es  in  individual  cells 
as  illustrated  in  the  fi<j^ure  the  use  of  the  dry  hujs  alone  is  siifUcient.  An 
ordinary  sterile  glass  slide  is  covered  with  a  suitable  medium,  such  as  filtered 
peptone-agar  or  glucose  peptone-agar,  by  pouring  the  latter  at  a  temperature 
of  as  near  100°  C.  as  possible  under  cover  of  the  top  of  a  sterile  Petri  dish. 
A  liquid  culture  in  appropriate  dilution  is  then  spread  over  the  medium,  as 
soon  as  set,  with  a  glass  rod,  and  a  thin  strip  of  perforated  celluloid,  or  other 
suitable  material,  is  placed  over  the  slide.  Sterile  coverslips  are  now  placed 
lightly  over  the  celluloid,  and  the  slide  is  placed  within  a  sterile  Petri  dish, 
and  is  incubated  at  28°  C.  for  from  1  to  IJ  hours.  The  object  of  placing  cover- 
slips  over  the  celluloid  is  firstly  to  protect  the  culture  medium  from  dust  during 
subsequent  examinations,  and,  secondly,  to  convert  each  of  the  tiny  cells 
into  a  moist  chamber,  aqueous  vapour  arising  from  the  surface  of  the  moist 
medium  becoming  recondensed  on  the  inverted  coverslip. 

At  the  end  of  1  to  1|  hours  the  slide  is  examined  cell  by  cell  until  the 
organism  it  is  required  to  isolate  is  found,  alone  in  a  single  cell,  or  until  a 
cell  is  found  in  which  a  small  number  of  suitable  organisms  occur  so  con- 
veniently placed  that  there  is  no  danger  of  the  resulting  colonies  impinging 
on  each  other.  When  found  the  position  of  the  selected  cell  is  noted  by  the 
vernier  attached  to  the  microscope  stage,  and  is  recorded  on  a  diagram  with 
drawings  of  the  organism  or  organisms  it  is  desired  to  isolate.  The  slide  is 
now  replaced  in  its  Petri  dish  and  reincubated.  It  is  further  examined  at 
short  intervals  until  colony  formation  from  single  cells  is  established,  careful 
search  on  each  examination  being  made  to  ensure  that  organisms  previously 
unrecognizable  as  bacteria  are  not  now  coming  into  view,  and  to  make, 
if  desired,  such  careful  drawings  of  alterations  in  morphology  of  the  organisms 
originally  selected,  or  of  their  direct  descendants,  as  is  possible  with  a  dry  lens. 
When  the  colonies  have  reached  a  convenient  size  it  will  be  found  that  they 
are  still  too  small  for  removal  under  the  naked  eye,  and  if  they  are  left  until 
recognizable  without  the  aid  of  a  lens  there  is  always  the  danger  of  coalescence 
of  adjacent  colonies — if  a  cell  has  been  selected  with  more  than  one  organism — 
and  of  the  experiment  being  ruined. 

If,  however,  the  following  simple  technique  is  adopted  there  is  no  difficulty 
in  picking  off  fragments  of  colonies — the  growth  of  which  from  individual 
cells  has  been  watched  and  recorded  de  initio — whilst  yet  too  small  to  be 
detected  under  the  naked  eye.  The  procedure  is  as  follows.  The  objective 
in  use  is  replaced  by  a  perforated  metal  stop,  made  for  the  purpose  by  Angus 
and  Co.,  Wigmore  Street,  London,  the  perforation  being  conical  in  shape,  with 
the  apex  at  its  lowest  point.    Into  this  conical  space  is  dropped  a  No.  9  solid 
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steel  needle,  the  pouit  of  which,  when  »w  situ,  L»  blackened  in  the  flame  of  a 
match.  A  minute  drop  of  paraffin  wax  on  a  slide  has.  prevnously  to  removal 
of  the  objective,  been  exactly  centred  on  the  microscope  stage.  The  blackened 
needle  is  now  lowered  till  it  touches  the  wax,  the  needle  receding  in  its  holder 
at  the  moment  of  contact.  The  position  of  the  blackened  point  of  contact 
on  the  white  wax  is  now  noted  under  the  replaced  objective,  and  is  brought 
into  the  centre  of  the  field,  if  not  already  there.  The  whole  manoeuvre  is 
repeated  a  second  time  in  order  to  be  sure  that  the  point  of  contact  is  suffi- 
ciently approximate.  The  selected  cell,  from  which  the  coverslip  has  been 
removed,  is  now  examined,  and  the  chosen  colony  is  centred  on  a  hooded 
stage.  The  point  of  the  resterilLzed  needle  is  now  touched  with  broth  in  a 
small  platinum  loop,  is  brought  into  contact  with  the  centre  of  the  colony 
and,  after  racking  up,  is  again  touched  with  broth  in  a  resterilized  platinum 
loop,  from  which  a  tube  of  broth  is  inoculated  in  the  ordinary  way.  Finally 
the  objective  is  once  more  restored,  and  a  control  observation  made  that  the 
desired  colony  has  been  touched,  and  no  other. 

The  advantages  of  the  perforated  plate  method  are  the  following: 

1.  Extreme  simplicity. 

2.  The  expense  of  the  outfit  is  negligible. 

3.  It  is  relatively  rapid. 

4.  The  method  of  cultivation  ensures  the  maximum  of  oxygen  and 
moisture. 

5.  Successful  cultivation  from  fragments  of  the  removed  colonies 
takes  place  in  my  hands  in  100  per  cent,  of  the  cases. 

6.  It  affords  an  excellent  control  observation  throughout  ao^ainst 

(a)    contamination. 

(6)  picking  up  fragments  of  a  colony  from  more  than  one 
organism. 
In  conclusion  it  is  necessary  to  point  out  that  cultivation  of  bacteria  from 
single  cells  is,  even  when  employing  a  good  method,  a  most  tedious  procedure, 
involvinc[  several  hours'  close  work  for  each  or^ranism  isolated,  if  the  results 
are  to  be  relied  on.  It  cannot  be  too  strongly  insisted  that  aU  claims  to  have 
grown  cultures  wdth  certainty  from  single  cells  must  be  accepted  with  reserve 
unless  the  whole  process  has  been  repeatedly  controlled  from  selection  of 
single  cell  to  transference  of  the  established  colony,  either  in  whole  or  in  part. 
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By  KDWARJ)  C.   IIORT,  F.H.C.P.  (Edix.). 

(With  Plates  IV— VII.) 

PART  I. 

Until  the  year  1916  it  was  ojenerally  beHeved  that  the  non-sporing  bacteria 
of  the  lower  orders  are  only  capable  of  reproducing  themselves  by  the  simple 
procevss  of  transverse  binary  fission  into  two  equal  parts.  This — it  was  taught 
— is  the  beginning  and  end  of  their  reproductive  life.  A  bacillus,  or  a  coccus, 
always  arises  directly  from  an  equally  dividing  bacillus  or  coccus,  and  in  nr) 
other  way  whatever.  So  firmly  fixed  was  this  conception  of  the  entire  repro- 
ductive life  of  the  lower  bacteria  under  all  circumstances  that  any  evidence 
suggestive  of  the  occurrence  of  other  methods  of  reproduction,  such  as  bv 
budding,  or  by  branching,  or  by  the  production  of  endobodies  was  apt  to 
be  explained  away  either  by  alleged  contamination  of  the  cultures  employed, 
or  by  vague  references  to  the  phenomena  of  involution. 

In  1916  and  1917,  however,  and  again  in  1918,  I  showed  by  several  series 
of  warm-stage  studies  of  isolated  organisms  of  the  enteric  group  that  under 
certain  circumstances  the  lower  bacteria  are  able  to  reproduce  themselves 
by  the  production  of  fertile  branches  and  buds,  and  by  the  endogenous  pro- 
duction of  gonidial  bodies,  in  addition  to  the  more  familiar  method  by  equal 
binary  fission.  And  I  also  showed  that  evidence  of  this  can  be  found,  if  looked 
for,  in  young  cultures  in  standard  media.  The  cultures  I  employed  were,  as  I 
thus  proved,  pure  cultures,  so  that  any  suggestion  of  contamination  organisms 
being  present  to  account  for  the  results  obtained  was  out  of  the  question. 
And  as  I  had  shown  that  organisms  undergoing  branching  or  budding  were 
often  fertile  organisms,  the  detached  buds  and  branches  themselves  giving 
rise  to  a  new^  race,  it  was  no  longer  possible  to  advance  the  theory  that  these 
were  involution  forms — in  the  ordinary  sense  of  the  term — since  organisms 
undergoing  genuine  involutionary  changes,  recognizable  as  such,  are  sterile 
organisms.  The  thesis  that  the  lower  bacteria  can  reproduce  themselves  in 
more  ways  than  one,  when  occasion  arises,  was  therefore  fully  established  for 
the  first  time,  there  being  no  previous  record  of  continuous  warm-stage 
observations  to  show  that  isolated  organisms  belonging  to  the  lower  orders 
of  bacteria,  and  undergoing  branching  or  budding,  or  endogenous  chroma - 
tinolysis  are  capable  of  perpetuating  a  new  race  which  is  itself  fertile,  its 
progeny  being  culturally,  biochemically  and  serologically  identical  with  the 
original  mother-cell. 
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Of  the  expeiiiaental  observations  establishing  these  facts  several  were 
published  in  191 G  and  in  1917.  They  therefore  need  not  be  reproduced  here. 
Of  the  remaining  observations,  and  the  most  complete,  a  few  were  examined 
by  a  War  Office  Committee  (v.  note  infra)  specially  appointed  for  the  purpose, 
and  are  now  published — together  with  further  observations — for  the  first 
time. 

INVOLUTION  FORMS:    GENUINE  AND  SPURI0U8. 

Before  presenting  the  chief  facts  on  which  the  above  stateinents  are  based 
it  is  necessary  to  attempt  a  definition  of  the  vague  term  involution  form,  and 
to  show,  in  passing,  how  the  literature  of  bacterial  morphology  is  pervaded 
with  misconceptions  arising  from  the  lack  of  any  clear  understanding  of  what 
an  involution  form,  properly  so-called,  really  means. 

An  involution  form  of  bacterium  can  only  mean  a  bacterium  which  is 
undergoing  retrogressive,  or  perhaps,  degenerative  changes.  It  is,  strictly 
speaking,  a  sterile  organism  which  is  not  only  incapable  of  maintaining  its 
reproductive  activity,  but  is  also  incapable  of  maintaining  its  integrity  of 
form.  It  stains  irregularly,  feebly  or  not  at  all:  and  in  the  unstained  condition 
it  rapidly  fades  from  view  as  death  ensues,  and  as  autolysis  proceeds.  It 
becomes  misshapen  and  deformed,  (juite  early — in  the  case  of  motile  organisms 
— losing  its  motility,  as  well  as  that  perfect  symmetry  of  outline,  and  diffused 
receptivity  of  stain  which  mark  the  healthy  normal  organism.  To  the  trained 
observer  it  offers  no  difficulty  of  recognition,  and  is  clearly  an  organism  that 
has  failed  in  the  race  of  life,  as  a  result  of  profound  disturbance — set  up  by 
prolonged  sojourn  in  unfavourable  environment — of  that  power  of  adjustment 
of  osmotic  variations  on  which  all  cell  activities  ultimately  depend. 

There  are,  however,  often  to  be  seen  under  less  unfavourable  conditions 
aberrant  types  of  the  lower  bacteria,  aberrant  that  is  in  the  possession  of 
buds  or  branches,  or  in  some  other  way,  which  show  none  of  the  characteristics 
of  the  genuinely  involuting  organism.  They  exhibit  perfect  symmetry  of  form, 
they  show  no  irregularity  of  staining,  which  is  often  deep — especially  with 
carbol-fuchsin — and  they  do  not  fade  from  view  in  the  unstained  condition. 
These  organisms  are  none  the  less  often  indiscriminately  ranged  with  genuine 
involution  forms,  and  are  often  figured  as  such,  when  they  do  not  escape 
detection  altogether,  in  some  of  the  text-books.  So  general  indeed  is  the 
tendency  to  apply  the  term  involution  to  any  form  of  bacterium  departing 
from  the  usual  that  the  legend  is  unblushingly  transcribed  from  book  to  book. 
And  the  result  has  been  that  until  recently  no  effort  has  been  made  to  apply 
the  crucial  test  of  isolating  healthy  looking  bacteria  of  the  lower  orders  under- 
going branching  or  budding,  and  of  then  determining  their  ability  or  inability 
to  produce  a  new  race  culturally,  biochemically  and  serologically  identical 
witli  normal  organisms.  If  an  aberrant  type  of  bacterium — neither  bacillary 
nor  coccoidal — can  be  shown  to  be  endowed  with  fertility  it  is  clearly  not  an 
involution  form  in  any  reasonable  sense  of  that  ill-used  word.    And  yet  till 
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IDIG  there  were  no  iidecjuate  ()l)serv;iti()ns  on  r(M;ord  that  this,  the  siipj-enHi 
test  of  ba('terioh)<jjieal  scienec^  had  Ixm'm  applied  to  the  lower  bacteria  to 
determine  \\  jn'tiiei-  the  cnrrent  belief  in  their  ability  to  divide  by  e(jual  binary 
fission  ()id\-  was,  or  was  not,  well  found<'(l:  thouj2;h  in  the  cas(^  of  other  organ- 
isms, t  he  existence  of  Jii<^her  orders  of  which  appeared  tlnis  to  f)e  established, 
tin*  test  had  ali(Nidy  been  successfully  applied.  No  effort,  in  short,  was  made 
by  applying  scitMit-ilic  methods  of  pi-eeision  to  separate  false  involution  forms 
from  iiennin(\ 

For  example  within  tlu^  past  25  years  several  pap(irs  hav(i  appeared 
dealing  with  aberrant  morphological  types  of  the  lower  bacteria,  some  of  the 
authors,  such  as  Lehmann  and  Neumann  in  1890,  on  insufficient  evidence 
regarding  the  occurrence  of  branching  and  of  budding  as  a  phase  of  noimal 
development.  Others,  such  as  A.  Fischer  in  1897,  and  Migula  in  1900,  regarded 
the  occurrence,  again  without  offering  satisfactory  evidence,  as  a  pathological 
process  induced  by  cultivation  in  unsuitable  media.  Others  again  record  their 
observations  without  comment,  or  without  offering  any  evidence  allowing  of 
interpretation  of  the  results  shown.  In  most  of  the  recorded  observations  the 
one  constant  factor  in  the  media  employed  for  demonstrating  morphological 
aberrancies,  indiscriminately  classed  as  involution  forms,  has  apparently 
been  the  presence  of  free  H  ions,  both  from  organic  salts  and  from  inorganic, 
or  the  addition  of  relatively  non-toxic  doses  of  the  various  aniline  dyes, 
perhaps  acting  in  the  same  direction.  Thus  Vedder  and  Duval  in  1901  noted 
that  in  cultures  of  dysentery  bacilli  on  glucose  agar  aberrant  types  were 
sometimes  found  which,  without  further  investigation,  they  thought  were 
exclusively  involutionary  in  character.  In  1900  Fischer  recorded  that  he  had 
placed  the  V.  cholerae,  the  B.  anthracis,  and  other  organisms  in  hypotonic 
solutions  of  salt  in  water  containing  glycerin,  and  he  described  a  condition 
to  which  he  gave  the  term  plasmoptysis.  Spherical  swellings  appeared,  any- 
where in  the  bacillary  axis,  filled  with  plasma  extruded  from  the  mother-cell, 
the  plasma  pushing  the  cell-wall,  at  a  weakened  spot,  lie  said,  in  front  of  it. 
Some  of  these  spherical  swellings  gradually  expanded  and  faded  from  view 
after  varying  periods  of  immersion.  In  these  extreme  cases  there  can  be 
little  doubt  that  the  process  was  the  result  of  a  lethal  disturbance  of  osmotic 
equilibrium  set  up  by  prolonged  immersion  in  a  fluid  with  a  lower  concentra- 
tion of  solutes  outside  the  cell  than  within  it.  But  Fischer  produced  no  evidence 
that  organisms  undergoing  lesser  degrees  of  plasmoptysis,  in  virtue  of  immer- 
sion for  shorter  periods  of  time,  had  lost  their  reproductive  powers.  And 
he  produced  no  evidence  to  show  whether  the  new  spherical  bodies  produced 
by  plasmoptysis  were  themselves  fertile  or  sterile.  And  he  therefore  provision- 
ally concluded  that  all  degrees  of  plasmoptysis  are  necessarily  involutionary 
in  character,  although  he  admits  that  he  had  not  tested  the  point.  To  this 
view  also  Abbott  and  Gildersleeve,  writing  in  1904,  in  an  essay  marked  by 
sound  critical  acumen,  were  also  inclined  in  their  explanation  of  the  occurrence 
of  branching  and  budding  forms  in  their  acid  cultures  of  the  B.  diphtheriae: 
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thou*;h  they  too  were  careful  to  state  that  they  had  been  unable  to  determine 
whether  their  buds  and  branches  were  or  were  not  capable  of  producin*^  a 
new  race,  a  criterion  to  which  they  evidently  attached  great  importance. 
In  1904  Ainley  Walker  and  Murray  noted  the  occurrence  of  branching  forms  of 
the  B.  typhosus  in  media  containing  gentian  violet,  fuchsin-methyl  green,  or 
methylene  blue,  and  in  1912  Revis  dealt  with  the  cultivation  of  coliform 
organisms  in  media  containing  malachite  green.  In  addition  to  these  there 
are  numerous  other  recorded  observations  of  morphological  aberrations, 
notably  those  by  Alniquist,  by  Sopp,  and  by  Norsk,  to  which  access  has  so 
far  not  been  possible,  by  Horrocks  in  1911,  and  by  Lohnis  in  1910. 

In  all  these  papers  however,  with  the  possible  exception  of  those  not  yet 
studied,  there  is,  as  stated,  no  single  observation  on  record  that  any  of  these 
branching  or  budding  forms  had  been  isolated  with  a  view  to  determining 
not  only  their  own  fertihty,  but  also  that  of  the  buds  and  branches  them- 
selves, either  before  or  after  their  separation  from  the  mother-cell.  In  addition 
to  all  these  observations  on  the  occurrence  of  plasmoptysis  phenomena  it  has 
not  infrequently  been  noted  that  under  certain  conditions  plasmolytic 
changes  may  be  set  up  in  bacteria,  leading  to  endo-fragmentation  of  chro- 
matin. In  bacilli  and  in  cocci  so  affected,  and  the  change  may  also  be  demon- 
strated in  streptococci  and  streptobacilli,  minute  dots  of  deeply-staining 
material  make  their  appearance.  This  can  often  be  readily  made  out  in  un- 
stained living  preparations,  which  may  also  contain  these  bodies  in  large 
numbers  after  extrusion.  J^hotographs  of  drawings  of  these  bodies  were  shown 
by  me  to  the  Royal  Society  in  1916.  This  endo-fragmentation,  described  by 
Fischer  in  connection  with  his  studies  on  bacteriolytic  serums,  has  again 
generally  been  looked  upon  as  a  purely  involutionary  phenomenon,  there 
being  again  no  recorded  warm-stage  observations  to  determine  the  sterility 
or  fertility  of  these  minute  bodies  after  extrusion  from  the  mother-cell. 

PHYSIOLOGICAL  AND  PATHOLOGICAL  DEGREES  OF  PLASMOPTYSIS  AND 

PLASMOLYSIS. 

From  what  has  been  said  it  is  clearly  a  matter  of  fundamental  importance 
to  determine  whether  the  occurrence  of  plasmoptysis  in  bacteria  is  a  patho- 
logical process  only,  or  whether  it  is.  if  disturbance  of  osmotic  control  be  not 
too  profound,  a  genuine  physiological  process.  Demonstration  of  unfamiliar 
methods  of  reproduction  of  organisms  undergoing  moderate  degrees  of  plas- 
moptysis, combined  with  demonstration  of  the  fertility  of  the  new  race,  would 
unquestionably  prove  that  the  phenomenon  does  represent  a  phase  in  physio- 
logical development  when  environmental  conditions  become  difficult,  and, 
incidentally,  that  bacteria  can  reproduce  themselves  in  more  ways  than  one. 
The  problem  as  to  the  exact  point  at  which  physiological  processes  end,  and 
pathological  processes  begin,  may  safely  be  left  to  the  curious  in  such  matters. 
It  also  appears  to  be  a  matter  of  equal  importance  to  determine  whether  the 
occurrence  in  bacteria  of  the  opposite  phenomenon  of  plasmolysis — induced 


by  osmotic  (listurbances  .sot  uj)  by  a  lowci'  concentration  oi  sohitcs  within 
the  cell  than  outside  it — is  a  pathoh)<rical  process  only:  or  whether  it  too, 
wlien  kept  within  projx'i'  hinits.  does  not  i<'present  a  phase  ni  physiolo<^ical 
development.  ^ 

In  th«»  case  of  plasmoptysis  wIkm'c  the  crnci;il  point  in  distin<^uishinj^ 
between  physiolo<j^ical  and  [)atholo<^ical  events  appears  to  be  the  potential 
fertility  of  the  extruded  plasma  in  its  new  cell-wall,  so  in  the  case  of  plas- 
mol\'sis  the  crucial  point  in  ^ivin^  the  correct  answer  apjx'ars  to  lie  in  provinj^ 
or  dis])rovin<i  the  potential  fertility  of  fragmented  chromatin  within  the  cell 
itself,  or  outside  it.  In  the  former  case,  that  of  plasmoptysis,  the  extruded 
(elements  would  appear  to  be  the  expression  of  exogenous  methods  of  repro- 
duction by  unequal  binary  fission,  giving  rise  to  fertile  branches,  buds  and 
spherical  bodies.  And  in  the  latter  case,  that  of  plasmolysis,  the  fragments 
of  intracellular  chromatin  would  appear  to  be  the  expression  of  endogenous 
reproductive  activity  equivalent  in  effect  to  the  exhibition  of  multiple  gonidia  : 
the  fertility  of  the  new  bodies  produced  both  by  exogenous  and  by  endogenous 
methods  of  reproduction  being  finally  expressed  in  the  ordinary  vegetative 
forms  familiar  to  laboratory  students. 

In  the  appended  photographs  of  drawings  will  be  seen  some  of  the  numerous 
types  of  organisms  observed  in  4  per  cent,  glucose  agar,  or  4  per  cent,  glucose 
broth,  cultures  from  a  single  colony  isolated  from  the  faeces  of  a  severe  case 
of  typhoid  fever  which  proved  fatal  on  about  the  fourteenth  day  of  the  disease. 
Indisputable  evidence  of  the  direct  relationship  of  many  of  these  forms  to 
the  B.  typhosus  is  given  below^ 

Plate  IV. 

The  drawings  in  Plate  IV  represent  composite  selected  fields,  that  is  to  say,  they  do  not 
represent  fields  as  actually  observed,  each  drawn  field  containing  selected  organisms  from 
numerous  fields,  the  basis  for  selection  for  each  field  being  merely  the  type  of  organism  it  is 
desired  to  illustrate.  Each  field  is  designated  with  a  separate  label,  with  the  suffix  -oid, 
merely  to  show  how  closely  many  of  the  types  depicted  may  simulate  parasitic  fungi,  and 
to  facilitate  description. 

For  example : 

Field  2  illustrates  various  types  of  bacteroid 

,,    3         ,,  organisms  resembling  sporangia 

,,4         „  „  „         chlamydospores 

„    5         „  „  „         oidia 

„    6         „  „  „         gonidia 

,,       '  5»  »»  »»  COCCI 

Fields  1,  2,  3,  4,  5,  9,  10  mainly  represent  unstained  living  organisms,  drawn,  with  tiie 
exception  of  3,  by  the  aid  of  the  camera  lucida. 

Fields  6,  7,  8  represent  stained  organisms  drawn  mostly  by  freehand. 
The  following  types  were  found  to  be  highly  motile,  this  motility  being  repeatedly  con- 
firmed during  the  eight  months  that  this  strain  was  under  daily  subcultural  observation: 
Bacteroids  Oidioids 

Sporangioids,  attaclied  and  detached  Gonidioids. 

Chlamydosporoids 
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'\^\\v  only  types  in  which  motility  was  not  obsorvod  were  tho  thiok-wallcd  resting  colls 
dcpictt'tl  in  Fiekl  1,  and  tlu^  thin-vvallcd  coecoidw  seen  in  Field  7.  The  niotiUty  of  these  there 
is  no  reeortl  of. 

As  noted  in  Plate  IV,  each  field  represents  organisms  observed  in  cultures  on  plus  10 
agar  varying  in  age  between  1  and  4  hours,  subculturcd  from  4  per  cent,  glucose  broth 
cultures  varying  in  age  between  12  and  18  hours.  In  all  cases  the  maximum  incubator 
temperature  employed  was  28'  ('.  to  30°  C 

The  following  short  description  of  each  field  u  ill  be  sufficient  to  bring  out  the  {)oints  it 
it  desired  to  emphasi  e. 

Field  8  is  of  an  ordinary  plus  10  broth  8  hour  Ji.  It/phosius  culture  of  a  strain  which  had 
never  been  grown  in  media  containing  glucose.  In  addition  to  "normal"  bacilH,  and  one 
or  two  organisms  exhibiting  Artaud's  nodes,  are  to  be  seen  three  deeply-staining  forms, 
two  bacillary  and  one  bacteroidal,  such  as  are  discussed  in  full  in  the  text.  In  these  deeply- 
staining  forms,  which — as  hert> — may  or  may  not  be  aberrant  in  form,  lies  the  key  to  the 
problem  presented  by  aberrancy  of  bacterial  form.  Hitherto  these  deeply -staining  forms, 
often  known  as  giant-forms,  have  been  looked  upon  as  involution  forms,  carrying  the 
suspicion  of  being  sterile  forms.  Actually  they  are  highly  fertile,  and  may  exhibit  one  or 
more  of  many  ditierent  types  of  reproductive  activity.  Possession  of  this  deep  receptivity 
of  stain  appears  in  fact  to  presage  an  explosion  of  reproductive  activity.  These  organisms 
are  readily  made  out  in  the  living  unstained  condition,  and  can  usually  be  relied  on  to 
demonstrate  their  fertility  on  the  warm -stage  when  environmental  conditions  are  suitable. 

Field  2  represents  various  types  of  bacteioid,  such  as  found  in  B.  radicola  and  other 
organisms  of  agricultural  interest,  fountl  in  cultures  of  the  single  strain  of  B.  typhosus 
here  studied.  The  motility  of  these  bacteroid  forms  was  frequently  of  the  rotatory  type, 
the  two  limbs  of  the  Y  at  28°  C.  revolving  with  great  rapidity.  On  detachment  of  a  limb 
this,  whilst  still  short,  moves  in  the  ordinary  way  as  does  the  ordinary  bacillus,  but  as  it 
lengthens  it  may  take  on  a  well-defined  serpentine  movement.  Some  of  the  bacteroids  seg- 
ment terminally,  as  shown,  in  oidial  fashion,  the  small  detached  spheres  being  themselves 
highly  motile. 

Field  ii  represents  organisms  apparent l\  undergoing  the  plasmoptysis  changes  described 
by  Fischer.  A  normal  motile  bacillus  will  sometimes  be  seen  to  extrude,  anywhere  in  the 
bacillary  axis,  a  minute  spherical  swelling.  This  gradually  expands,  the  motility  of  the 
mother-cell  being  still  unimpaired,  progression  being  in  the  ordinary  way,  or  by  rhythmical 
serpentine  movements.  As  the  sphere  expands  the  mother-cell,  with  its  attached  sphere, 
rapidly  rotates,  the  sphere,  if  laterally  placed,  appearing  to  be  presently  swung  off  at  a 
high  velocity.  Once  detached  the  sphere  exhibits  a  high  degree  of  motility  of  its  own. 
Its  subsequent  history  is  dealt  with  below.  The  mother-cell  is  meanwhile  still  motile,  and 
may  extrude  a  second,  or  even  a  third,  new  sphere  which  behaves  as  before.  Sometimes, 
especially  if  a  sphere  has  come  into  contact  with  another  organism,  the  sphere  will  remain 
more  or  less  motionless,  whilst  the  mother -cell  will  revolve  in  all  planes  round  the  point  of 
attachment  to  the  sphere  till  finally  separation  is  achieved.  If  these  changes  are  watched 
in  glucose  broth  on  glucose  agar,  instead  of  in  normal  broth  on  plus  10  peptone  agar,  the 
spheres  as  formed,  presumably  on  account  of  the  rapidly  rising  acid  tide,  will  expand  and 
either  burst  (stained  impression  films  show  this  well),  or  will  gradually  fade  from  view, 
either  before  detachment  from  the  mother-cell,  or  after  detachment,  in  either  case  losing 
theii"  motility.  • 

Field  4  represents  types  of  organisms  which  are  often  figured  in  text-books  as  "involu- 
tion" forms,  especially  those  bearing  a  superficial  resemblance  to  chlamydospores.  There 
are  also  figuretl  in  this  field  two  ovoids.   All  the  forms  here  shown  are  highly  motile. 

Field  5  represents  terminal  and  median  segmentations  of  spherical  form,  occurring  in 
bacilli,  and  mimicking  oidial  formation.   The  separated  coccoidal  bodies  are  motile. 
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FkIiI  (\  shows  h.icilljirv,  sphcricjil  .iiid  hadcioid  foims  midcr^oin^r  cliro/natiiiolyHiK, 
llir  mimif<'  fiaunnctifs  of  clii-otiial  in  hciii^  IV('(|iiciil  l\-  ohscrvcd  on  flic  uattn-Htag(!  in  th(^ 
pnu'i'ss  of  cxdnsion  from  I  he  mollicr-ccll.  'I'hcii-  Hul)S('(jii(nf  dcvcloi)rn('nt  Ik  (Icalt  uifli 
Ih'Iow,  Some  of  the  cxlrudcd  IxxiicH  an-  very  niiinilc,  often  rncaNurin^  ()•!  to  0-2  microns  in 
their  great  est  (haineter.  and  ahle,  as  such,  to  pass  the  coarser  fi  It  ci'h  siieh  aw  Herkefeld's  and 
Masson's.    These  minute  hoches  cxhihil   hi^h  (h'^rees  of  motihty. 

Field  7  shows  \arious  si/.es  of  coccoichd  hofUcs,  mostly  with  fhin  walls,  when  flic  sfain 
is  taken  relatively  slightly,  eonfrasfing  strongly  witli  the  thicU-walled,  deeply-staining 
ooeeoids,  a  few  of  which  are  seen  in  Kield  I.  IMiotograph.s  of  tliese  two  tyi)e.s  of  coeeoidH  are 
sivn  in  Part  II  of  this  paper.  It  is  often  said  that  those  coccoid  bodies  arc  baoillary  bodi(!8 
seen  in  cross  section.  This  view  is  the  result  of  want  of  thcnr  observation  on  tlie  warm- 
stage,  ■when  they  may  be  readily  observed  to  lotate,  if  pressure  on  tliern  be  sufTicicntly 
light,  as  (l(>linitely  spheroidal  bodies. 

Fiel(/  10  represents,  grouped  in  one  field,  the  various  types  of  organism,  which  were 
often  seen  to  be  present  at  the  same  moment  in  a  tiue  microscopic  field  at  the  edge  of  w  arm  - 
stage  preparations  of  4  })er  cent,  ghicosc  broth  cultun^s  on  plus  10  agar.  They  wen;  also 
often  seen  in  subcultures  in  plus  10  broth  from  glucose  cultures.  In  this  field  also  are 
seen  four  forms  resembling  spirochaetes.   These  are  large  detached  flagella. 

Field  1 1 .  These  spirochaetoid  forms,  often  tapering  to  a  fine  point  at  each  end,  with 
wide  spirals,  varying  in  number  from  4  to  5  to  70  and  80,  the  maximum  counted  (perhaps 
attached  end  to  end),  sometimes  stretching  across  several  fields,  do  not  appear  to  be  motile 
or  to  segment.  They  appear  in  fact  to  be  flagella,  attached  forms  being  also  shown.  They 
may  be  seen  on  the  warm-stage  to  adhere  together  one  by  one  till  thick  tresses  are 
formed,  such  as  are  sometimes  seen  in  tetanus  cultures.  They  are  easily  seen  unstained, 
and  have  been  noted  in  attachment  to  all  the  various  types  of  organism  shown,  including 
the  minute  gonidial  forms,  except  to  the  coccoid  forms,  and  the  thick-walled  resting  cells. 
The  absence  of  flagella  in  these  forms,  appears,  as  will  be  seen  in  Part  II,  to  be  associated 
with  non-agglutinabiHty,  their  development  into  bacillary  forms  perhaps  going  hand  in 
hand  with  the  acquirement  of  flagella  and  of  agglutinability.  It  is  certain  that  when  develop- 
ment from  coccoid  to  bacillus  is  complete  flagella  are  present,  and  that  agglutinability  is 
developed,  but  it  has  so  far  proved  impossible  to  watch  on  the  warm -stage  the  development 
of  fiagella  de  initio.  In  staining  preparations  of  glucose  cultures  containing  large  numbers 
of  flagella,  attached  and  detached,  it  is  not  necessary  to  use  silver  salts.  With  a  preliminary 
clearing  with  acetic  acid  and  formalin  beautiful  preparations  are  readily  made  by  counter- 
staining  with  carbol-f  uchsin.  In  some  preparations  a  fine  reticulum  may  be  seen  of  extremely 
fine  short  flagella  in  dense  meshwork  formation. 

It  is  necessary  to  emphasize  the  fact  that  all  the  types  of  organism  shown  in  Plate  IV, 
except  the  thick -walled  cells,  and  the  large  flagella,  can  frequently  be  noted  in  many,  but 
not  in  all,  quite  young  cultures  of  the  B.  typhosus  in  standard  media,  to  which  glucose  has 
never  been  added,  provided  that  patient  search  be  made.  It  is  also  necessary  to  emphasize 
the  fact  that  the  various  types  of  organism  shown  in  Piate  IV  were  again  and  again  found 
in  cultures  from  single  cells,  as  well  as  in  cultures  from  single  colonies,  the  precaution  always 
being  taken  continuously  to  watch  development  from  single  cell  to  single  colony,  for  purposes 
of  subsequent  identification.  The  necessity  for  this  precaution,  and  the  uselessness  in  work 
of  this  nature  of  any  method  of  single  cell  isolation  which  does  not  allow  of  continuous 
observation  from  single  cell  to  single  colony,  will  be  readily  understood  by  reference  to 
Field  6,  Plate  IV,  and  Field  8,  Plate  IV.  The  presence  of  the  minute  gonidial  bodies  there 
depicted  makes  it  impossible  to  be  certain,  in  thv  attempt  to  isolate  a  single  cell  of  normal 
bacillary  form  and  size  for  example,  that  a  minute  gonidium  is  not  at  the  same  time  being 
unconsciously  picked  up.  If  therefore  the  ordinary  methotls  of  isolation  be  employed,  such 
as  Barber's  method,  Malone's  method,  or  the  fragmented  gla*s  method,  methods  which 


o?^)  Ri in'oihfctlan  <{f'  Acnthir  lincteria 

involve  inoculation  of  a  liquid  mecliuni  without  opportunity  for  adequate  control  observa- 
tion of  growth  from  mngle  cell  to  single  colony,  it  may  happen,  and  does  happen,  that  more 
than  one  organism  is  picked  up,  and  that  the  experiment  is  ruined.  Jf  however  a  methotl 
be  adopted  which  does  allow  of  continuous  observation  to  ensure  that  a  given  colony  has 
developed  from  one  cell,  and  from  one  cell  only,  the  results  obtained  can  be  relied  on. 
Xo  satisfactory  method  of  this  nature  was  available,  and  one  had  therefore  to  be  devised. 
This  method  is  fully  described  in  my  paper  on  pp.  361 — 308  of  this  volume  of  Journ.  of 
tli/diene. 

Plates  V  and  VI. 

These  Plates  reproduce  drawings  of  continuous  warm-stage  observations  of  development 
from  single  organisms  to  single  colonies. 

In  Series  A,  B,  C,  Plate  V,  and  in  Series  I,  Plate  VI,  is  figured  the  development  of 
bacteroids,  unequal  binary  fission  giving  rise  to  ordinary  bacilH  which,  as  in  Plate  V  A,  may 
continue  to  divide  by  equal  binary  fission,  or,  as  in  Plate  V  D,  again  become  triradiate,  and 
again  undergo  unequal  binary  fission.  As  a  rule  only  one  limb  of  the  Y  is  thrown  ofif  at  a 
time,  though  segmentation  of  two  or  three  limbs  may  go  on  simultaneously,  or  in  short 
succession.  It  sometimes  happens  that  a  bacillus  will  undergo  unequal  fission  without 
manifesting  branching. 

In  Series  D,  Plate  V,  is  seen  the  development  of  bacteroid  forms  from  a  diplococcal 
organism,  the  exact  contour  of  which  was  determined  by  observation  of  rotatory  movements 
in  situ  before  elongation  to  bacillary  form  had  begun. 

In  Series  G,  Plate  VI,  is  seen  development  from  a  single  coccoid  form  to  ordinary  bacilli. 

In  Series  H,  Plate  VI,  is  seen  development  of  a  "chlamydosporoid"  form,  germination, 
segmentation  of  the  new  limb,  separation,  and  germination  of  a  fresh  limb,  with  segmenta- 
tion by  equal  binary  fission  of  the  limb  first  formed,  being  clearly  seen.  This  was  a  highly 
motile  organism,  and  no  attempt  was  made  to  immobilize  it  in  order  to  obtain  a  camera 
lucida  drawing  for  fear  of  arresting  its  development,  a  free  supply  of  oxygen  having  been 
found  essential  to  rapid  growth  and  segmentation  of  similar  organisms.  A  freehand  drawing 
was  therefore  alone  possible.   A  similar  course  of  events  is  shown  in  Series  J,  Plate  VI. 

In  Series  K,  Plate  VI,  to  which  the  same  restriction  applies,  may  be  seen  the  plasmoptysis 
j)henomenon  described  by  Fischer.  In  this  case,  however,  continuous  observation  on  the 
warm-stage  enabled  the  observer  to  determine  the  fertility  an^l  motility  of  the  organism  in 
question,  as  depictetl. 

In  Series  F,  Plate  VI,  is  shown,  at  the  end  of  the  series,  plasmolytic  fragmentation  of 
chromatin,  followed  by  extrusion  of  chromatin,  and  by  development  of  the  highly  motile 
extruded  bodies  into  minute  bacilli,  each  of  these  after  a  time  exhibiting  at  each  pole 
one  of  Artaud's  nodes  with  a  clear  space  between.  These  rapidly  enlarged,  though  the 
enlargement  is  not  drawn,  under  observation,  still  retaining  their  motility.  These  are  the 
minute  gonidial  bodies,  figured  in  Field  ti,  Plate  IV,  as  present  in,  and  extruded  from, 
bacillary  forms  as  well  as  from  spheroidal,  which  can  pass  coarse  bacterial  filters,  and  which 
can  sometimes  be  seen  in  standard  media,  as  well  as  in  glucose  media,  or  in  media  to  which 
HCl  has  been  added,  when  the  requisite  alteration  of  concentration  of  solutes — in  the 
direction  of  plasmolysis  production — has  been  reached.  And  whenever  very  minute  motile 
bacilli,  especially  when  showing  Artaud's  nodes,  appear  in  pure  cultm-es  of  normal  sized 
B.  typhosus  cultures  it  may  safely  be  concluded  that  they  have  arisen  in  this  way  from 
minute  extruded  gonidial  bodies.  In  order  satisfactorily^  to  study  the  development  of  these 
organisms  a  free  supply  of  oxygen  and  of  moisture  is  absolutely  essential,  no  development 
of  this  nature  taking  place  except  at  the  n.oist  edge  of  the  prepai-ation  nearest  to  a  free 
supply  of  air. 
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Having  tlius  shown  development  from  n'mfi^U'.  cell  to  ninglc  colony  it  was  then  necessary 
to  identify  fully  the  colonics  obtained.  lOighteen  dilTerent  aberrant  types  were  isolated, 
incliKJiuf^'  giant  bacillaiy  formK,  similar  fo  IhoHi;  seen  in  l*late  IV,  Field  8,  eoeooid  forms 
similar  to  those  seen  in  Field  7,  baoteroids  similar  to  some  of  those  s(H;n  in  Field  2,  chlamydo- 
sporoids  similar  (o  some  of  those  seen  in  Field  4,  sporangioifls  similar  to  those  seen  in  Field  .'i, 
and  resting  cells  similar  (o  lliosc  seen  in   I'^ield  1. 

The  broth  cultures  from  each  of  these  were  fully  identilie<l  by  cultural,  biochemical 
and  serological  tests,  an  agglutination  of  from  J/20,000  to  1/40,000  being  in  all  cases  eventu- 
ally obtained. 

hi  two  cases  identification  was  further  (!ompleted  by  absorption  tests,  and  in  the  case 
of  the  cultures  liand(>d  to  the  War  Office  Committee  of  enquiry  absorption  and  inoculation 
tests  were  also  successfully  passed. 

During  the  course  of  the  work  undertaken  in  connection  with  study  of 
methods  of  bacterial  reproduction  the  following  facts  came  chiefly  into 
prominence.  Some  of  these  have  already  been  noted  by  bacterial  morpho- 
logists. 

1.  In  some  cultures  of  the  lower  bacteria,  whether  young  or  relatively 
old,  whether  standard  in  initial  reaction,  or  containing  glucose  from  which, 
in  the  case  of  the  B.  typhosus,  acid  is  rapidly  formed,  or  deUberately  made 
acid  by  the  addition  of  free  HCl,  aberrant  forms  of  organisms  have  never 
been  found,  even  after  prolonged  search.  The  entire  population  in  such  cases 
appears  to  consist  of  "normal"  organisms,  staining  relatively  lightly,  and 
dividing  by  equal  binary  fission  only.  The  general  viability  of  such  a  popula- 
tion after  a  few  days  in  4  per  cent,  glucose  cultures,  or  in  HCl  cultures  with 
an  initial  reaction  to  phenolphthalein  of  plus  20,  appears  to  be  considerably 
lowered,  as  measured  by  subculture. 

2.  Aberrant  types  of  organism  are  sometimes  to  be  seen  in  small  numbers 
in  quite  young  cultures  in  "standard"  media.  These  aberrant  types,  found 
in  young  cultures,  sometimes  in  relatively  large  numbers,  usually  stain 
deeply  and  uniformly,  unless  undergoing  chromatinolysis,  when  the  frag- 
mented chromatin  appears  as  deeply  staining  dots,  contrasting  strongly  with 
the  less  deeply-staining  mother-cell.  These  aberrant  types  may  be  only 
aberrant  in  their  deep  receptivity  of  stain,  there  being  no  departure  from  the 
normal  bacillus  in  outline.  Other  aberrant  types,  also  characterized  by  uni- 
formly deep  receptivity  of  stain,  may  be  branching  or  budding  forms,  or 
may  be  coccoid  in  form,  or  may  simulate  parasitic  fungi  by  the  formation  of 
bodies  resembling  sporangia,  chlamydospores  and  so  forth.  All  these  deeply- 
staining  forms  may  be  highly  fertile. 

3.  These  aberrant  types,  if  already  present  in  a  standard  culture,  will 
increase  in  number  with  the  age  of  the  culture,  or  by  the  addition  of  glucose, 
or  of  free  acid,  the  normal  population  under  such  circumstances  beginning 
to  disappear  until  it  is  again  temporarily  reinforced  by  direct  descendants 
from  these  fertile  aberrant  forms.  The  viability  of  such  a  culture  as  a  whole  is 
greatly  impaired  by  prolonged  immersion  in  4  per  cent,  glucose  media,  or  in 
media  containing  an  excess  of  free  HCl.    The  viability  of  the  deeply-staining 
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aberrant  forms  referred  to  is  however  higher  than  that  of  the  general  popula- 
tion, and  it  is  clear  that  they  have  higher  resisting  powers  to  acid  influence. 
This  is  also  shown  by  the  fact  of  their  presence  in  greater  number  in  old 
cultures  than  in  young,  and  in  the  fact  that  on  transference  to  fresh  media 
the  new  generation  appears  to  start  from  them  and  not  from  the  survivors 
of  the  normal  population.  This  can  readily  be  demonstrated  by  watching  the 
development  of  individuar organisms  on  the  warm-stage.  It  is  quite  unneces- 
sary in  order  to  establish  the  higher  resisting  powers  to  acid  influence  of  these 
selected  individuals  to  show  also  that  they  exhibit  greater  resistance  to  heat 
or  to  antiseptics  than  do  "  normal "  individuals.  This  statement  is  necessitated 
by  attempts  that  have  unsuccessfully  been  made  in  the  past  to  establish  a 
higher  degree  of  resistance  to  heat  and  to  antiseptics  in  the  case  of  so-called 
"involution"  forms,  as  compared  with  normal  forms,  without  any  reference  to 
the  cardinal  fact  of  their  demonstrable  fertility. 

4.  In  addition  to  the  fertile  deeply-staining  forms  described  there  are 
also  often  to  be  seen  in  young  cultures  in  standard  media,  as  well  as  in 
glucose  media,  lightly-staining  aberrant  forms.  These  organisms,  distinguish- 
able from  involution  forms  in  their  symmetry  of  outline,  and  in  the  fact  that 
they  do  not  fade  from  view  on  the  warm-stage,  may  be  themselves  highly  fertile. 
Examples  of  these  in  coccoid  form  are  seen  in  Chart  4,  Part  II,  of  this  paper. 

5.  On  transference  to  standard  media  from  glucose  cultures,  or  from 
HCl  cultures,  aberrant  forms  tend  rapidly  to  disappear,  the  need  for  their 
services  being  perhaps  no  longer  required  in  early  stages  of  growth  on  standard 
media.  When,  however,  the  age  of  these  media  increases,  or  w^hen  glucose  is 
added,  they  again  tend  to  reappear.  And  if  careful  search  be  made  it  will 
often  be  found,  whilst  the  cultures  are  still  young,  or  before  glucose  has  been 
added,  that  deeply-staining  bacillary  forms  are  here  and  there  present. 
So  long  as  conditions  remain  more  or  less  favourable  these  may  divide  by 
equal  binary  fission  only.  But  when  conditions  become  less  favourable  they 
may  often  be  seen  to  take  on  unfamiliar  methods  of  reproduction,  though  this, 
as  shown  in  Plates  V  and  VI,  is  also  to  be  witnessed  within  an  hour  or  two  of 
transference  to  standard  media. 

6.  Transference  of  genuine  involution  forms  from  old  or  otherwise  unsuit- 
able media  to  fresh  standard  media  does  not  restore  their  uniform  receptivity 
of  stain,  their  symmetry  of  outline,  nor  their  fertility.  In  some  instances 
there  may  be  seen  to  appear  in  genuine  involution  forms  highly-refractile 
spherical  bodies,  suggesting  droplets  of  lipoid  material,  which  rapidly  increase 
in  size  under  observation.  These  bodies  do  not  take  the  ordinary  stains,  but 
stand  out  as  bright  clear  spaces  in  the  irregularly  stained  matrix  of  the  cell. 

7.  If  standard  broth  media  with  an  initial  reaction  of  plus  10  to  phenol- 
phthalein  be  inoculated  wdth  acid-producing  organisms,  such  as  the  B.  typhosus, 
and  be  repeatedly  titrated,  evidence  of  a  rapidly  rising  acid  tide  is  forthcoming 
within  two  or  three  hours  of  incubation.  A  progressively  unfavourable  environ- 
ment is  thus  rapidly  produced  which  appears  to  be  similar  to,  and  to  approxi- 
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mate  to,  tlie  unfavourable  environment  of  old  cultures,  or  of  cultures  to  which 
glucose  or  free  acid  has  been  added.  The  rapidly  increasinf^  concentration  in 
a  constant  volume,  witii  no  provision  for  their  removal,  of  degradation  pro- 
ducts from  the  substrate  presented  by  the  constituents  of  media,  and  by  dead 
organisms,  with  a  rapidly  increasing  concentration  of  organic  catalysts  no 
doubt  accounts  for  this  rising  acid  tide  in  standard  media.  In  attempting 
therefore  to  estimate  the  reciprocal  influence  of  bacteria  and  their  surroundings 
in  terms  of  morphological  rcvsults  it  is  obvious  that  the  term  "standard 
medium" — once  inoculation  has  taken  place,  and  once  the  population  has 
begun  greatly  to  increase — has  no  actuality. 

CONCLUSIONS. 

In  the  light  of  the  facts  here  recorded  it  v^ould  appear  that  from  the  point 
of  view  of  perpetuation  of  the  lower  bacteria  through  long  periods  of  time, 
in  laboratory  cultures  at  least,  the  organisms  usually  regarded  as  "normal," 
normal,  that  is,  in  form,  in  their  relatively  slight  capacity  to  retain  the  stain, 
and  in  their  exclusive  ability — exclusive  so  long  only  as  conditions  remain 
favourable — to  divide  by  equal  binary  fission,  represent  the  least  important 
members  of  a  total  population.  These  "normal"  organisms  occur  in  the 
largest  numbers  in  a  given  culture  when  the  reaction  to  phenolphthalein 
approximates  to  the  neutral  point :  and  it  appears  that  in  some  cultures  they 
represent  the  entire  population.  When,  however,  as  the  result  of  rapid  increase 
in  numbers,  the  circumstances  of  life  become  more  and  more  adverse  the 
onus  of  carrying  on  the  race  appears  to  be  chiefly  laid  on  those  deeply-staining 
highly  fertile  organisms  which,  from  too  ready  an  assumption  of  their  sterility, 
have  hitherto  been  indiscriminately  ranged  with  genuine  involution  forms. 
From  the  point  of  view  of  perpetuation  of  the  race  as  a  whole  these  deeply- 
staining  organisms,  sometimes  aberrant  in  form  and  sometimes  not,  able  to 
produce  fresh,  bacilli  now  by  this  method  of  reproduction,  now  by  that, 
according  to  the  osmotic  needs  of  the  moment,  are  incomparably  the  most 
important.  In  the  history  of  bacteria  of  the  lower  orders  it  would  appear  that 
the  existence  of  these  deeply-staining  organisms,  and  of  the  various  types  of 
reproductive  activity  which  they  exhibit,  is  a  direct  expression  of  the  reciprocal 
influence  through  the  ages  of  bacteria  and  their  surroundings  in  terms  of 
selective  adaptation  to  the  vicissitudes  of  bacterial  life  (unless  indeed  it  be 
alternatively  suggested  that  they  represent  a  non-bacterial  order,  with  equally 
dividing  "bacteria"  as  a  vegetative  side-issue,  as  from  their  mimicry  of  the 
parasitic  fungi  one  was  tempted  to  surmise).  And  if  it  were  not  for  these  deeply- 
staining  forms,  with  relatively  high  viability  in  acid  media,  it  would  be  difficult 
to  see  how  cultures  of  non-sporing  bacteria  could  survive  in  the  test-tube  for 
long  periods  of  time  if  reliance  could  only  be  placed  on  "normal"  individuals 
with  the  lower  degree  of  viability  which  is  unquestionably  imposed  on  them 
by  prolonged  residence  in  progressively  adverse  surroundings.  It  must  not 
however  be  supposed  that  the  process  of  selective  adaptability  is  one  which 
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can  be  followed  at  will  iii  the  laboratory  and  that  "forms  identical  with  the 
aberrant  forms  here  depicted  have  arisen  in  detinite  response  to  the  conditions 
experimentally  provided,  and  may  be  expected  constantly  to  reappear  when- 
ever the  same  environmental  conditions  are  reproduced,"  as  suggested  by 
the  Committee  selected  to  study  the  facts  presented.  Because  this  is  precisely 
what  does  not  happen.  As  already  stated  these  deeply-staining  aberrant 
fertile  organisms  only  appear  to  increase  in  cultures  already  containing  them, 
as  for  example  in  cultures  in  which  circumstance  has  deliberately  been  made 
adverse.  They  emphatically  do  not  appear,  within  the  limits  of  observation, 
in  populations  exclusively  composed  of  normal  organisms  when  the  same 
adverse  circumstances  are  introduced.  One  can  only  conclude  therefore  that 
in  these  selected  individuals  there  resides,  as  the  result  of  far  distant  traininir, 
the  inherited  faculty  of  reproduction  by  unfamiliar  methods  when  necessity 
arises.  And  these  methods  are  only  unfamiliar  because  this  has  not  been 
recognized,  and  because  they  have  not  been  looked  for. 

NOTE. 

This  Committee  consisted  of  Colonel  Sir  William  B.  Leishman,  Colonel 
Professor  J.  G.  Adami,  Professor  J.  B.  Farmer  and  Lieut.-Colonel  D.  Harvey. 

The  subject  of  enquiry  was  presented  by  me  in  a  typed  memorandum  in 
the  following  terms: 

"The  sole  objective  of  the  present  enquiry  is  determination  of  the 
complexity  or  otherwise  of  the  life-cycle  of  the  causal  organism  of 
Typhoid  Fever,  in  so  far  as  this  is  amenable  to  study  in  unfiltered 
laboratory  cultures.  We  are  therefore  here  concerned  with  one  question 
only — Is  the  B.  typhosus,  or  is  it  not,  capable  of  being  produced  in  any 
other  way  whatever  beyond  that  of  equal  transverse  binary  fission  of  a 
pre-existing  B.  typjwsusl " 

During  their  work  this  Committee  applied  to  my  cultures  the  ordinary 
routine  tests  for  purity,  including  absorption  and  inoculation  tests.  And 
they  reported  that  they  fully  endorsed  my  statement  that  the  cultures  were 
pure  cultures.  They  did  not  however  apply  the  crucial  test  of  purity  which 
I  had  myself  applied,  namely  that  of  isolation  of  single  aberrant  cells,  and 
of  continuous  observation  on  the  warm-stage  of  growth  from  single  cell  to 
single  colony,  with  subsequent  indentification  of  the  new  races  thus  produced. 
They  also  fully  confirmed  by  personal  observation  of  warm-stage  develop- 
ment my  claim  that  the  B.  typhosus  can  be  reproduced  from  non-bacillary 
forms  by  unequal  binary  fission,  as  well  as  from  bacillary  forms  by  the 
ordinary  method  of  equal  binary  fission.  Confirmation  by  independent 
observers  of  my  main  thesis,  as  specifically  presented,  was  thus  complete. 
It  may  therefore  be  unequivocally  stated  that  it  has  now  been  definitely 
proved,  and  accepted,  that  the  lower  bacteria,  as  illustrated  by  the  B.  typhosus, 
can  and  do  reproduce  themselves  in  more  ways  than  one,  and  that  conse- 
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quently  the  roprodiu'tivo  life  of  this  orj^aiiisni  is  not  necessarily  so  simple 
as  it  lias  hitherto  l)een  assumed  to  be. 

The  Committee,  I  think  wisely,  deprecate  the  use  of  the  term  life-cycle 
in  connection  with  the  reproductive  life  of  the  individual  bacterium  as  an 
or<;anism  which  inevitably,  sooner  or  later,  as  a  necessary  stage  in  the  com- 
pletion of  its  life-story  nnist — in  the  case,  for  example,  of  a  bacillus — pass 
through  a  non-bacillary  ])hase.  In  the  case  of  bacteria  placed  under  the 
artificially  favourable  environment  supplied  for  short  periods  of  time  by 
culture  media  with  an  initial  standard  reaction  the  life-story,  sucli  as  it  is, 
is  unquestionably  simple  and  not  complex.  But  it  is  not  sufficient  to  study  the 
morphology  of  bacteria  in  the  short  periods  when  circumstance  is  easy.  It 
must  never  be  forgotten  that  this  initial  state  of  favourable  circumstance  is 
always  fugitive  in  nature,  in  infected  tissues,  and  in  the  test-tube,  once  the 
population  has  begun  rapidly  to  increase  in  a  confined  space,  with  no  provision 
for  removal  of  degradation  products.  It  is  this  progressively  unfavourable 
environment  which  appears  to  have  evoked  a  selective  adaptation  in  virtue 
of  which  unfamiliar  methods  of  reproduction  come  into  play  to  ensure  per- 
manence of  the  race  through  long  periods  of  time.  To  say  therefore  that  in 
the  lower  bacteria  the  reproductive  life  is  sometimes  not  simple  but  complex  is 
indisputably  true,  because  to  preserve  the  race  in  terms  of  time  a  bacillus, 
for  example,  may  have  eventually  to  pass  through  a  non-bacillary  phase. 

The  confirmation,  above  referred  to,  by  this  Committee  of  the  complexity 
of  bacterial  reproductive  life  under  certain  circumstances  was  however  at  once 
qualified  by  an  evident  reluctance  to  abandon  the  idea  that  the  results  demon- 
strated were  the  expression  of  an  involutionary  process,  and  had  in  conse- 
quence little  or  no  bearing  on  the  practice  of  bacteriological  science. 

In  support  of  their  view  that  involutionary  processes  could  still  be  invoked 
to  explain  tbe  results  the  Committee  referred  to  the  work  of  Fischer,  and  of 
Abbott  and  Gildersleeve,  under  the  evident  impression  that  the  plasmoptysis 
of  Fischer  was  looked  upon  by  these  authors  as  necessarily  a  pathological 
process.  Fischer  however,  as  well  as  Abbott  and  Gildersleeve,  specifically 
state  that  they  had  had  no  opportunity  of  determining  the  fertility  or  sterility 
of  the  new  bodies  produced  by  plasmoptysis,  a  distinction  which  these 
authors  clearly  recognized  to  be  one  of  fundamental  importance.  And  their 
lack  of  opportunity  of  settUng  this  point  appears  to  have  been  due  to  the  fact 
that  they  knew  of  no  reliable  method  of  isolating  organisms  for  the  purpose, 
a  deficiency  which  I  had  been  at  great  pains  to  make  good.  In  the  absence 
therefore  of  demonstration  of  the  fertility  of  these  organisms  these  authors 
had  no  alternative  but  provisionally  to  assume  that  they  were  sterile,  and 
to  conjecture  that  all  degrees  of  plasmoptysis  are  therefore  involutionary  in 
nature.  The  bacteriologists  of  the  Committee  however  in  their  official  report 
make  no  reference  to  this  quahfication  of  Fischer's  work  by  Fischer  himself, 
and  by  Abbott  and  Gildersleeve,  although  they  had  my  own  positive  evidence 
of  fertility  before  them,  which  indeed  they  confirmed  by  their  own  observations. 
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In  their  reference  therefore  to  this  eailier  work  as  confirmatory  of  their  own  view 
they  must,  doubtless  under  the  stress  of  war  work,  either  have  failed  to  note 
that  the  crucial  point  of  fertihty  had  not  been  tested  in  this  earlier  work— this 
being  the  vital  distinction  between  my  work  and  that  of  previous  observers, 
a  distinction  which  they  also  omitted  to  record— or  they  had  not  recognized 
that  demonstration  of  the  fertility  of  new  races  abnormally  produced  is 
fatal  to  the  involution  theory,  as  generally  understood.    In  either  case,  as 
they  are  careful  to  avoid  the  use  of  the  word  involution,  it  is  necessary  to 
point  out  that  organisms  undergoing  pathological  degrees  of  plasmolysis  and 
plasmoptysis  are  only  involution  forms  under  another  name,  and  that  there 
appear  to  be  physiological  degrees  of  these  phenomena  resulting  from  dis- 
turbances of  normal  restraint  of  osmotic  changes  as  well  as  pathological 
degrees  of  the  same.   It  is  indeed  difficult  to  see  how  the  occurrence  of  bacterial 
branching   and   budding,    and   of   endogenous   gonidia   production,  can   be 
anything  else  but  an  expression  of  restrained  plasmoptysis  and  plasmolysis, 
assuming,  that  is,  that  disturbance  of  the  power  of  adjustment  of  osmotic 
variations  within  the  cell  and  outside  it  is  the  true  explanation  of  the  various 
types  of  morphological  aberrancy  here  illustrated— an  assumption  on  which 
few,  perhaps,  would  care  at  present  to  dogmatize. 


PART  II. 

THE  EFFECT  OF  THE  COMPLEXITY  OF  THE  REPRODUCTIVE  LIFE  OF 
BACTERIA  ON  THE  AGGLUTINABILITY  OF  BACTERIAL  EMULSIONS. 

Belief  in  the  ability  of  the  non-sporing  bacteria  to  divide  under  all  circum- 
stances by  equal  binary  fission  only  is  reflected  in  bacteriological  practice, 
especially  as  regards  determination  of  the  precise  etiology  of  infections, 
the  methods  employed  for  identification  of  bacteria,  and  the  theory  of  the 
multiplicity  of  bacterial  strains.  It  also  enters  largely  into  prophylaxis  and 
treatment  with  specific  serums  and  vaccines,  and  is  an  essential  feature  in 
the  detection  and  control  of  bacterial  carriers,  as  well  as  in  epidemiological 
work,  including  statistical  analyses.  Now  however  that  it  is  known  that  the 
life-story  of  bacteria,  even  in  standard  laboratory  media,  is  one  of  great 
^complexity,  and  that  their  reproductive  life  faithfully  reflects  the  progressive 
changes  of  milieu  inseparable  from  laboratory  cultivation  it  becomes  necessary 
to  examine  the  various  bacteriological  problems  referred  to  from  a  different 
point  of  view. 

In  the  present  communication  I  propose  only  to  deal  with  the  problem 
presented  by  serological  reactions  as  an  aid  to  identification  of  bacteria, 
and  in  doing  so  to  show  that  it  is  hopeless  to  expect  to  obtain  constant  agglu- 
tination results  unless  due  regard  be  paid  to  the  morphological  status  of  a 
bacterial  population,  both  when  used  as  an  antigen  for  the  production  of 
agglutinin,  and  when  tested  for  its  power  of  provoking  a  specific  reaction. 
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I  })r()p()se,  ill  other  words,  to  show  tliat  necessary  as  attempts  at  stan- 
dardization arc  in  terms  of  initial  reaction,  or  the  opacity  of  an  emulsion,  or  in 
terms  of  constancy  of  culture  medium  composition,  one  cardinal  feature  at 
least  in  standardizin<j;  serological  reactions  is  determination  of  a  standard 
morphological  ecjuivalcnt.  Unless  this  be  fully  taken  into  account  agglutina- 
tion units  have  but  little  practical  significance. 

It  has  of  course  long  been  known  that  bacillary  organisms  of  the  lower 
orders  of  bacteria  may  occasionally  take  on  a  coccoidal  phase,  and  that  this 
may  be  associated  with  a  deficiency  in  agglutinabiUty  by  the  specific  serum. 
And  there  are  well  known  to  occur  various  vagaries  of  agglutinability,  hitherto 
unexplained,  such  for  example,  as  the  loss  of  agglutinability  on  subculture 
to  an  agar  slope,  with  subsequent  recovery  on  again  restoring  the  strain  to 
broth.  But,  as  a  rule,  the  current  conception  of  the  simple  life-history  of 
bacteria  has  dominated  the  identification  work  of  bacteriologists,  and  has 
prevented  any  systematic  examination  of  the  morphology  of  bacterial 
emulsions  which  might  be  expected  to  agglutinate  with  a  given  serum,  but 
which  nevertheless  do  not  do  so.  And  in  consequence  there  has  arisen, 
especially  in  bacillary  dysentery,  a  heterogeneous  collection  of  new  "strains," 
marked  by  strange  symbols,  justification  for  the  existence  of  at  least  some  of 
which  rests  on  the  slenderest  evidence.  It  is  not  possible  as  yet,  owing  to  the 
bewildering  complexity  of  the  study  of  bacterial  morphology,  absolutely  to 
prove  that  some  of  these  many  strains  only  represent  different  morphological 
phases  of  one  strain,  difference  in  form  being  associated  with  difference  in 
antigenic  values.  Nor  is  it  desired  to  insist  that  standardization  in  terms  of 
morphology  is  the  only  cardinal  factor  to  be  considered  in  the  standardization 
of  bacteriological  methods  of  serological  aids  to  identification.  But,  as  will 
be  seen,  there  is  abundant  evidence  to  show  that  the  morphological  factor 
is  one  which  demands  the  most  searching  study,  which  no  bacteriologist  can 
afford  to  set  aside  as  unnecessary  if  the  standardization  of  bacteriological 
methods  generally  is  to  be  put  on  a  scientific  footing. 

The  value  of  the  agglutination  results  here  recorded  entirely  rests  on  the 
reliability  of  the  technique  employed.  It  is  therefore  necessary  to  give  a 
series  of  control  observations  to  show  that  constant  results  were  uniformly 
obtained  in  using  this  technique  when  an  emulsion  of  the  same  morphological 
equivalent  w^as  put  up  against  its  specific  serum. 

CONTROL  CHART. 

The  technique  employed  in  all  cases  was  as  follows.  The  method  of  reading 
was  macroscopic,  often  confirmed  by  microscopic,  or  by  hand-lens,  examina- 
tions. Distribution  of  equal  volumes  of  saline,  serum  and  emulsion  was  made 
with  a  new  graduated  Pasteur  pipette  for  each  set  of  tubes  used,  the  pipette 
being  thoroughly  washed  and  drained  between  each  distribution  of  material. 
Dilutions  in  all  cases  began  at  1/80,  except  when  otherwise  stated,  the  dilution 
in  each  case  except  the  first  being  double  that  in  the  preceding  tube.   Twelve 
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hour  cultures  were  uniformly  employed,  the  test  emulsions  being  put  up  without 
killing  the  organisms.  In  the  case  of  B.  typhosus  cultures  the  plugged  tubes  were 
placed  in  a  hot  chamber  for  one  hour  at  56°  C,  after  which  time  they  were 
allowed  to  stand  for  one  hour  at  room  temperature  when  a  first  reading  was 
taken,  a  second  reading  being  taken  12  or  24  hours  later.  In  the  case  of 
dysentery  cultures  the  tubes  were  kept  for  24  hours  at  56°  C.  No  attempt 
was  made  to  standardize  in  terms  of  opacity,  a  deliberate  omission  in  order 
to  determine  the  efi'ect  of  the  omission  on  the  control  observations.  As  will 
be  seen  in  Chart  A  the  effect  was  nil.  A  control  tube  containing  saline  and 
emulsion  only  was  put  up  for  each  set  of  observations  in  all  the  experiments. 
The  first  set  of  observations  deals  with  typhoid  cultures.  This  set  is 
divided  into  the  following  groups. 

Chart  1,  Group  A. 

In  the  case  of  strain  Pierce,  morphological  variations  in  which  formed  the  subject  of 
Part  I  of  this  paper,  it  was  found  that  the  thick-walled  coccoids  there  referred  to,  vide 
Plate  VII,  figure  1,  were  non-agglutinable.  It  was  also  found  that  under  the  influence  of  the 
acid  produced  from  the  glucose  added  to  the  cultures  these  thick-walled  coccoids  represented 
a  resistant  resting  phase,  and  occurred  in  a  bacillary  population  which  was  itself  fully 
agglutinable.  It  was  also  found  by  isolation  of  one  of  these  thick-walled  cells  that  it  ger- 
minated, and  gave  rise  to  large  bacillary  forms,  which  in  their  turn  gave  rise  to  forms  which 
were  again  fully  agglutinable.  The  process  from  agglutinable  bacillus  to  non-agglutinable 
thick -walled  cell  and  back  again  to  agglutinable  cell  was  therefore  reversible.  The  results 
obtained  are  expressed  in  graphic  form  in  Chart  1,  which  also  gives  the  key  to  cultures 
submitted  to  agglutination  tests,  together  with  the  dominant  morphological  equivalent 
for  each  culture.  Photographs  of  these  thick-walled  coccoids  are  appended.  It  is  noticeable 
that  emulsions  4  and  8  were  from  glucose  agar  slopes. 

Chaut  1,  Group  B. 

From  the  same  strain  Pierce  subcultures  from  glucose  broth  were  made  as  shown  in 
the  chart.  In  cultures  1  and  2  the  dominant  population  was  composed  of  thin-walled 
lightly -staining  coccoids.  Photographs  of  the  actual  emulsions  of  these  coccoids  used  in 
these  agglutination  tests  are  given,  together  with  a  photograph  of  the  mixed  coccoid  and 
bacillary  emulsion  3,  which  agglutinated  to  1/1280.  The  remaining  emulsions  4,  5,  G  were 
mainly  bacillary,  as  also  was  the  original  emulsion  A,  aU  of  these  agglutinating  to  high  titre. 
It  is  again  to  be  observed  that  the  non-agglutinable  emulsions  1  and  2  were  from  an  agar 
slope,  and  from  a  glucose  agar  slope.  Since  recovery  of  agglutinability  ensued  on  subculture 
in  broth,  vide  cultm-es  4  and  5,  associated  with  reversal  to  bacillary  form,  it  might  be  thought 
that  the  appearance  of  a  coccoidal  non-agglutinable  phase  is  the  result  of  cultivation  on  a 
solid  medium.  That  this  is  not  necessarily  the  case  is  shown  in  Group  C,  where  the  non- 
agglutinable  phase  is  seen  to  persist  in  broth  culture. 

Chart  1,  Group  C. 

From  the  key  to  subcultures  1,  2,  3,  4,  5  from  the  same  Pierce  strain  it  will  be  seen. 
Chart  1,  Group  C,  that  the  non-agglutinable  coccoidal  phase  persists  in  broth  cultures  2 
and  5  with  temporary  reversion  to  agglutinable  bacillary  phase  in  broth  culture  3,  followed 
by  return  to  coccoidal  non-agglutinable  phase  on  agar,  cultiu-e  4:  the  same  persistence  of 
this  in  broth,  culture  5,  from  the  original  agar,  being  again  seen. 
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Chart  1,  Group  D. 

Having  thus  found  in  CroiipH  A,  H,  C  tluit,  UHing  tlu^  Htock  serum  issued  l)y  the  Lister 
Institute,  a  dominant  coccoid  pojjulation  in  a  Hclcetcd  li.  Ii/pho.su.s  strain  subcultured  from 
•glucose  cultun's.  will  show  httlc  or  no  signs  of  agghitination,  whilst  haciilary  subcultures 
from  single  isolated  coecoids  {vide  Plate  V,  Part  I)  may  agglutinate  in  a  dilution  of  1/40,900, 
the  same  strain  Pieree  was  then  teste<l  in  parallel  with  an  ll.A.M.(^  stock  serum,  and  with 
the  same  Twister  stock  serum  as  before;  two  (!olonies  being  subcultured  from  the  same  agar 
plate,  for  purposes  of  comparison,  into  glucose  broth,  each  tube  of  this  btdng  furth(;r  sub- 
cult  uri>(l  as  shown  in  the  key.  It  was  not  found  possibk;,  at  the  date  on  which  this  experi- 
ment was  carried  out,  to  provide  at  the  re(juired  moment  a  subcultun;  from  strain  Pierce 
with  as  dominant  a  })opulation  of  thin-walled  coecoids  as  shown  in  Groups  (J  and  \).  But 
a  suflicient  number  were  demonstrable  to  produce  wide  variations  in  the  agglutination 
results  obtained  between  the  readings  respectively  of  dominant  coccoidal  and  dominant 
bacillary  populations,  with  intermediate  readings,  discussion  of  which  is  for  tlu;  moment 
deferred.  In  addition  to  this  the  following  points  of  interest  emerge  from  study  of  Group  D. 

A.  Subculture  7,  in  which  the  coccoidal  population  was  dominant,  agglutinated 
only  to  1/320  with  both  the  Lister  and  the  R.A.M.C.  serums,  in  the  case  of  colony  A, 
and  only  to  1/160  with  both  serums,  in  the  case  of  colony  B.  The  amount  in  }>oth  the 
Lister  and  the  R.A.M.C.  serums  of  specific  agglutinin  to  the  coccoid  phase  of  the 
B.  typhosus  would  appear  therefore  to  be  very  small.  In  the  case  of  the  Lister  serum 
this  had  already  strongly  been  suggested  in  groups  A,  B  and  C.  The  great  similarity 
in  the  agglutination  results  in  the  case  of  subcultures  7,  as  regards  both  colonies  A 
and  B,  also  indicate  that  the  course  of  development  in  the  case  of  both  these  colonies, 
as  shown  in  the  particular  subculture  7,  was  approximately  the  same.  And  this  was 
confirmed  by  the  dominant  coccoid  population  in  both.  So  far  the  distinction  between 
coccoid  non-agglutinable  and  bacillary  agglutinable  phases,  already  illustrated  in 
groups  A,  B  and  C,  appears  to  be  a  simple  matter,  when  considered  in  the  light  of 
results  obtained  by  using  subcultures  from  a  single  colony  tested  against  one  serum. 

B.  When  however  further  controls  are  established,  as  by  testing  subcultures 
from  two  colonies  against  two  serums  in  parallel,  most  discordant  results  emerge, 
which  suggest  that  it  is  not  merely  a  question  of  the  relative  percentages  of  coccoidal 
and  bacillary  members  of  a  population.  For  example,  subculture  10,  colony  A,  gives 
a  full  titre  of  1/20,480  with  both  Lister  and  R.A.M.C.  serums,  whilst  subculture  10, 
colony  B,  gives  a  full  titre  of  1/20,480  wdth  Lister  serum,  but  a  titre  only  of  1/1280 
with  R.A.M.C.  serum.  Again,  subcultures  1,  2,  4,  6,  8,  9,  colony  A,  give  full  titre  with 
lister  serum,  but  much  smaller  titres  with  R.A.M.C.  serum:  whilst,  allowing  for  the 
smaller  number  of  subcultures  tested  in  the  case  of  colony  B,  there  is  again  great 
similarity  in  the  results  obtained  with  Lister  serum,  but  great  disparity  in  the  results 
obtained  with  R.A.M.C.  serum.  Imperfect  observation  of  the  agglutination  results 
affords  one  way  of  escape  from  the  dilemma.  This  is  however  excluded  by  the  control 
results  given  at  the  opening  of  Part  II  of  this  paper.  Contamination  of  the  cultures 
affords  a  second  way  of  escape.  This  however  is  practically  excluded  by  the  fact  that 
cultures  1,  2,  4,  6,  8,  9,  10  agglutinated  to  1/20,480  with  Lister  serum  in  the  case  of  colony 
A,  and  that  cultures  1,  2,  8,  9,  10  agglutinated  to  the  same  titre  with  the  same  serum 
in  the  case  of  colony  B.  Still  a  third  way  of  escape  is  offered  by  the  theory-,  upheld 
by  many,  that  any  given  bacterial  culture  may  be  composed  of  numerous  strains, 
and  that  some  subcultures  from  such  cultures  may  exalt  this  strain,  and  other  sub- 
cultures that  strain.  This  way  of  escape  also  appears  to  be  closed  by  the  fact,  demon- 
strated in  Part  I,  that  organisms  appearing  to  represent  different  strains  in  one  culture 
can  develop  within  a  few  hours  from  a  single  cell.  The  true  explanation  in  fact  appears 
to  lie  in  this  demonstration,  though  it  is  not  suggested  that  other  factors,  as  yet 


386  Reproductlini  of  Aerobic  Bacteria 

undetermined,  may  not  be  partly  responsible  for  the  agglutination  vagaries  here 
illustrated.  Confirmation  of  the  view  that  each  agglutination  departure  from  full 
titre  corresponds  with  a  definite  morphological  equivalent  was  obtained  by  careful 
examination  of  subcultures  1,  2,  4,  6,  8,  9,  10  when  it  was  found  that: 

(1)  Repeated  replating  gave  no  indication  of  contamination. 

(2)  Culturally,  biochemically  and  serologically  (in  terms  of  Lister  serum) 
they  were  genuine  B.  typhosus  cultures. 

(3)  Morphologically  some  of  the  cultures  contained  in  addition  to  "normal" 
bacilli  large  numbers  of  forms  of  bewildering  variety,  the  relative  percentage 
numbers  of  these — which  were  mostly  bacillary — varying  with  each  subculture. 
In  addition,  for  example,  to  coccoids  and  to  "normal"  organisms  would  be  seen 
bacilli  considerably  larger,  and  very  much  smaller,  than  the  normal,  some  exclu- 
sively bacillary,  some  cocco-bacillary,  others  undergoing  budding  or  branching, 
others  again  undergoing  chromatinolysis.  Some  had  pointed  ends,  others  had 
rounded  ends:  some  were  small,  exhibiting  Artaud's  nodes,  others  were  consider- 
ably larger,  also  exhibiting  Artaud's  nodes.  Some  were  thick-walled  bacilli, 
taking  the  stain  deeply,  others,  again,  of  the  various  types  described  took  the 
stain  relatively  lightly. 

The  amount  of  work  involved  in  attempting  to  obtain  an  accurate  idea  of  the  relative 
proportion  of  each  of  these  various  types  in  a  large  number  of  cultures  exhibiting  inter- 
mediate degrees  of  agglutinabiUty  would  clearly  be  prohibitive,  without  a  trained  staff 
of  workers.  No  attempt  therefore  was  made  in  the  observations  now  to  be  recorded  to 
interpret  in  morphological  terms  varying  degrees  of  agglutinabiUty  of  different  subcultures 
of  the  same  culture  when  tested  either  with  one  serum,  or  with  two  or  more  serums  in 
parallel:  the  main  object  being  merely  to  show  that  standardization  in  terms  of  morphology 
must  in  the  future  be  comprehensively  studied  if  constantly  reliable  results  are  to  be 
obtained. 

Chart  1,  Group  E. 

That  some  serums  appear  to  have  been  unconsciously  prepared  with  polyvalent  antigens, 
poly\'alent  that  is  in  the  sense  of  polyvalency  of  morphological  types  and  not  in  the  sense 
of  polyvalency  of  "strains,"  is  shown  by  Group  E.  In  this  group  subcultures  from  the  same 
strain  Pierce  were  tested  against  the  Oxford  stock  serum,  and  against  the  R.A.M.C.  serum. 
The  results,  as  before,  with  the  R.A.M.C.  serum  are  poor,  whilst  the  results  with  the  Oxford 
serum,  against  the  Pierce  strain,  are  very  good,  suggesting  lack  of  morphological  poly- 
valency in  the  former  serum,  and  its  presence  in  the  case  of  the  latter  serum. 

So  far  tests  have  been  confined  to  subcultures  of  the  strain  of  B.  typlwsus  from  glucose 
cultures,  which  appear  to  be  particularly  favourable  to  the  initiation  of  different  types  of 
morphological  development.  To  this  extent  therefore  the  tests  so  far  applied  would  appear 
to  be  unnecessarily  severe,  and  perhaps  of  little  practical  value  unless  confirmed  by  similar 
results  obtained  fi'om  tests  applied  to  subcultui-es  from  ordinary  cultures  to  which  glucose 
has  not  been  added.  Tests  were  therefore  applied  to  subcultures  from  ordinary  cultm-es, 
in  order  to  determine  if  similar  vagaries  of  agglutination  occurred,  with  the  following  results. 

Chart  2,  Group  F. 

Here  considerably  better  results  are  obtained,  though  even  with  such  good  serums  as 
the  Oxford  and  Lister  serums  marked  variations  in  the  titres  given  with  each  of  these  occur. 
Taking  the  results  given  with  the  three  serums  the  minimum  occurs  with  the  R.A.M.C. 
serum  of  1/640,  and  the  maximum  with  the  Lister  serum  of  1/40,960. 
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DYSENTERY  CUI.TURES. 
Chart  3,  CJroup  0. 

As  shown  in  this  chart  four  subcultures  from  12  hoiw  aj^ar  cultures  of  Lister  stock  strains 
F  and  Y  were  tested  resjx'ctively  against  Lister  F  and  Y  stock  scrums,  cross  tests  being 
also  carried  out.  In  this  ex|)eriment  the  condensation  wat(T  in  each  agar  tube  was  nrplaccd 
by  broth,  cultures  2  and  1  r(>prescnting  the  broth  substitute  for  condensation  water  in 
cultures  1  and  .*i.  The  object  of  this  arrangement  was  merely  to  show  tliat  difTerent  morpho- 
logical results,  with  difTerent  morphological  readings,  can  be  shown  in  one  test-tube 
according  to  whether  the  agar  slope,  or  the  broth  at  the  bottom  of  the  tube,  be  inoculated 
at  the  same  moment  from  the  same  source:  care  of  course  being  taken  to  keep  the  tubes 
vertical  during  incubation,  and  to  ensure  that  in  removing  the  })roth  culture  no  julmixture 
of  this  with  the  cultui-e  on  the  surface  of  the  agar  slope  not  covered  by  broth  takes  place. 
This  agar  culture,  after  removal  of  the  broth,  was  itself  removed  with  a  sterile  glass  rod  from 
the  upper  half  only  of  the  slope,  and  was  then  emulsified  in  sterile  broth:  both  cultures 
being  then  at  once  tested.   Study  of  the  chart  shows  that: 

1.  The  B.  Flexner  broth  subculture  4  does  not  agglutinate  at  all,  in  any  of  the 
given  dilutions,  either  with  Flexner  serum,  or  with  Y  serum:  whilst  the  B.  Y  broth 
culture  4  agglutinates  to  1/160  with  Flexner  serum,  and  to  1/320  with  Y  serum.  The 
approximate  respective  morphological  picture  in  each  of  these  cultures  Ls  given  in  the 
chart. 

2.  The  B.  Flexner  agar  subculture  3  agglutinates  to  1/640,  with  Flexner  serum, 
and  to  1/160  with  Y  serum:  whilst  the  B.  Y  agar  subculture  3  agglutinates  to  1/320 
with  Flexner  serum,  and  to*  1/320  with  Y  serum. 

3.  B.  Flexner  agar  subculture  1  agglutinates  to  1/160  wdth  both  Flexner  serum 
and  Y  serum,  whilst  B.  Y  agar  subculture  1  agglutinates  to  1/640  with  Flexner  serum, 
and  not  at  all  with  Y  serum. 

4.  B.  Flexner  broth  subculture  2  does  not  agglutinate  at  all,  in  any  of  the  dilutions, 
with  Flexner  serum,  but  to  1/1280  with  Y  serum:  whilst  B.  Y  broth  subculture  2  does 
not  agglutinate  at  all,  in  any  of  the  given  dilutions,  with  Flexner  serum,  and  to  1/640 
with  Y  serum. 

Thus,  to  take  an  extreme  example,  agglutination  of  B.  Y  agar  subculture  1  would  suggest 
that  this  was  a  culture  of  B.  Flexner,  other  tests  being  in  the  same  direction,  the  figures  for 
agglutination  being  1/640  with  Flexner  serum,  and  nil  with  Y  serum:  whilst  agglutination 
of  B.  Y  broth  subculture  2  would  suggest  that  this  was  a  culture  of  B.  Y,  the  figures  being 
nil  with  Flexner  serum,  and  1/1640  with  Y  serum.  Taking  the  agglutination  results  of  all 
foiu-  subcultures  as  a  whole  an  empirical  agglutination  mean,  E.A.M.,  can  be  obtained  for 
each  set  of  four  observations  with  one  serum  by  dividing  the  total  length  of  agglutination 
Unes  by  the  number  of  subcultures  examined. 

The  results  may  then  be  expressed: 

B.  Flexner  versus  Flexner  sermn  =  10  E.A.M. 

„  ,,  Y  ,,  =13  y, 

B.  Y  „      Flexner      „     =16       „ 

,,  ,i  JL  >>  =1«*  »> 

The  agglutination  results,  in  other  words,  suggest  that,  taking  the  subcultures  as  a 
whole,  B.  Flexner  agglutinates  better  with  Y  serum  than  with  its  own  serum,  and  that 
B.  Y  agglutinates  better  with  Flexner  serum  than  with  Y  serum. 

Unfortunately  reliable  sets  of  sugars  were  not  available  when  these  experiments  were 
carried  out:  so  no  opportunity  occurred  of  determining  if  the  results?  obtained  were  associated 
with  any  biochemical  variations.  Observations  since  undertaken,  indicating  in  some  cases 
association  of  biochemical  variation  with  serological,  will  be  pubhshed  separately. 
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Chart  3,  Group  11. 

Observations  were  then  carried  out  with  R.A.M.C.  subcultures  from  stock  Flexner 
and  Y  cultui-es,  kindly  suppUed  by  Lt. -Colonel  Harvey,  tested  against  R.A.M.C.  stock 
Flexner  and  Y  serums. 

The  massed  results  obtained  with  six  subcultures,  instead  of  four,  show  a  better 
specificity  of  reaction  in  the  case  of  R.A.M.C.  cultures  and  serums  than  in  the  case  of 
Lister  cultures  and  serums,  the  figures  being: 

B.  Flexner  versus  Flexner  serum  =  15  E. A.M. 

Y  =10 

B.  Y  „      Flexner      „      =   G       „ 

Y  =17 

A  considerable  variation  is,  however,  to  be  noted  in  each  group  between  the  minimum  and 
the  maximum  dilutions  at  which  agglutination  occurred. 

Chart  3,  Group  I. 

The  R  A.M.C.  stock  B.  Flexner  culture  used  for  the  observations  recorded  in  Group  G, 
was  kept  in  a  sealed  tube  for  over  three  months  at  5°  C,  and  was  again  subcultured  as 
shown  in  Group  H,  several  replating  observations  being  made  to  ensure  the  absence  of 
contamination.  The  object  of  the  experiment  was  to  determine  the  effect  of  subcultivation 
from  an  old  culture  in  the  direction  of  inducing  in  these  subcultures  a  greater,  or  a  lesser, 
variation  in  their  agglutination  figures  than  in  the  case  of  subcultures  from  young  cultures, 
as  in  Group  G.  At  the  same  time  it  was  desired  to  test  these  subcultures  against  a  Lister 
Flexner  serum,  and  against  a  Lister  F  Y  serum. 

For  pm-poses  of  comparison  the  figures  from  A  in  Group  G  are  reproduced  in  the  present 
Group  H.  The  E.A.M.  for  the  R.A.M.C.  Flexner  subcultures  tested  with  R.A.M.C.  Flexner 
serum  is  now  seen  to  rise  from  15  to  42,  the  maximum  titre  suppHed  by  the  makers  being 
greatly  exceeded  in  the  case  of  cultures  1,  3,  2,  6.  The  E.A.M.  for  the  same  subcultures 
tested  with  Lister  Flexner  serum  C  94  is  only  5,  three  of  the  subcultures  giving  no  reaction 
at  all.  The  E.A.M.  for  these  subcultures  tested  with  Lister  Flexner  Y  serum,  is  the  much 
better  figure  32,  which  is  of  particular  interest  in  view  of  the  fact  that  this  serum  appears 
to  have  been  prepared  by  inoculation  of  F  and  Y  antigens.  Lister  F  and  Y  cultures  having 
been  shown  in  Group  A  to  be  more  or  less  interchangeable. 

The  maximum  variations,  as  for  example  B — between  1/100  and  1/20,480,  again  show 
how  nearly  subculture  4,  for  example,  came  to  the  minimum  diagnostic  titre,  even  when 
tested  against  so  good  a  Flexner  serum  as  R.A.M.C.  serum  F  7. 

Chart  3,  Groups  Kj,  Kg,  Kg. 

This  chart  illustrates  the  discordant  results  obtained  when  the  R.A.M.C.  stock  Flexner 
culture  was  replated,  half  of  a  colony  being  subcultm-ed  on  to  agar,  the  other  half  being 
subcultm-ed  into  broth,  at  the  same  moment.  The  same  Flexner  culture  was  replated 
eight  times,  each  time  on  a  series  of  five  plates.  Each  series  was  lettered  in  succession, 
A,  B,  C,  D,  E,  F,  G,  H,  a  single  colony  from  plates  4  or  5  from  each  series  C,  D,  E,  F,  G, 
H  being  divided  as  described.  There  was  an  interval  of  three  days  between  each  replating, 
the  original  culture  remaining  at  room  temperature  in  the  interval. 

Chart  4,  Group  L^. 

This  chart  illustrates  the  results  obtained  by  testing  subcultures,  for  the  most  part 
at  random — and  not  entirely,  as  hitherto,  in  groups,  from  a  Y  culture,  obtained  from  the 
Kitchener  Hospital,  Brighton,  against  different  Y  and  F  Y  serums,  and  against  a  poly- 
valent serum.   As  will  be  seen  the  agglutination  figures  obtained  do  not,  taken  as  a  whole. 
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in  this  caso  iiulicati^  a  marked  advantage  in  favour  of  (he  Il.A.M.C  polyvalent  serum 
employed,  wide  variations,  from  I/lOO  to  1/10,240,  of  readings  occurring,  in  the  case  of 
five  subcultures  from  (he  original  agar  when  tested  with  this  Hcrurn. 

Chart  4,  (iroup  Lg. 

In  this  experiment  a  normal  polyvalent  serum,  R.A.M.C.  polyvalent  Flexner  Y  serum 
D,  was  tested  against: 

n.    The  same  Y  strain  as  us(>(l  in  C'hart  4,  L, . 
h.    A  second  Y  strain,  also  from  the  Kitchener  Hospital. 

r.    The    stock    R.A.M.C.   Flexner   strain,  Ledingham,   employed    in    tJie    earlier 
experiments. 
It  was  desired  to  determine  what  variation,  if  any,  occurr(*d  when  a  different  medium 
wjis  employed,  such  as  the  tryp.  agar  medium  recommended  for  meningococcus  work. 

As  will  be  seen  the  results  obtained  with  this  polyvalent  F  Y  serum  were  very  good, 
and  more  constant.  The  results  obtained  with  agar  and  with  tryp.  agar  subcultures  are 
also  very  similar,  indicating  that  the  change  of  medium  has  little  or  no  effect  in  producing 
different  degrees  of  agglutinability. 

Chart  5,  Group  M. 

Attention  was  now  turned  to  a  stock  Shiga-Kjuse  culture,  kindly  supplied  for  the 
pui'pose  by  Professor  Dreyer's  staff  at  Oxford,  subcultures  from  this  being  tested  against 
a  stock  R.A.M.C.  Shiga  serum,  and  a  stock  Lister  Shiga  serum. 

The  results  obtained  may  be  summarized  as  follows: 

1.  With  Oxford  Shiga  serum. 

(a)    Subcultures   13,   14,   15  give  a  uniform  figure  of   1/40,960,  suggesting 

that  this  is  an  ideal  serum. 
(6)    Subcultures  19,  20,  21  from  the  original  agar  slope — which  had  been 

standing  for  four  days  at  room  temperature — now  uniformly  declined 

to  agglutinate  in  a  higher  dilution  than  1/80. 

(c)  Subcultui'e  25  from  subculture  19  still  persisted  in  refusing  to  agglutinate, 

whilst  subculture  28  from  subculture  20  agglutinated  in  a  dilution  of 
1/2,560,  subculture  27  from  subculture  21  now  agglutinating  in  a 
dilution  of  1/40,960. 

(d)  Subcultures  31  and  32  from  the  original  agar  slope — which  had  been 

standing  for  six  days  at  room  temperatm-e — now  both  agglutinated 
in  dilutions  of  1/20,480. 

2.  With  Lister  serum. 

{a)  Subcultures  13,  14,  15  which  all  gave  a  figui*e  of  1/40,960  with  Oxford 
serum  gave  with  Lister  serum  figures  of  1/80,  1/160  and  1/320,  sug- 
gesting that  the  phases  agglutinable  by  Oxford  serum  are  not 
represented  by  specific  agglutinins  in  Lister  serum. 

(6)  Subcultures  25,  27,  28  now  agglutinate  to  1/10,240  \vith  Lister  scrum, 
suggesting  that  agglutinins  specific  to  the  phases  agglutinated  by 
Lister  serum  are  absent  in  Oxford  serum,  in  so  far  as  subculture  25 
is  concerned,  and  are  partly  absent  in  so  far  as  subculture  28  is 
concerned. 

3.  With  R.A.M.C.  serum. 

Similar  results  as  with  Oxford  serum,  and  with  Lister  serum. 
From  the  table  showing  the  maximum  variations  obtained  with  each  serum  it  appears 
that  of  eleven  subcultures  tested  respectively  with  R.A.M.C.  serum,  and  with  Oxford 
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Berum,  three  subcultures  in  the  first  case,  and  four  in  the  second  case,  failed  to  give  any 
diaj^nostic  readings  whilst  with  the  Lister  serum  two  suhcultures  out  of  six  failed  to  give 
reliable  diagnostic  readings. 

Chart  6,  (jJroup  N. 

Attention  was  finally  turned  to  Meningococcus,  Type  1,  subcultures  from  this  "strain" 
being  tested  in  parallel,  vide  Chart  6,  against  the  four  Type  serums.  If  the  morphology 
table  is  referred  to,  together  with  the  serological  table,  it  will  be  seen  that  the  results  obtained 
are  suggestive.  The  acquisition  by  one  "strain"  of  agglutinability  by  meningococcal  serums 
specific  to  other  "strains"  has  more  than  once  in  recent  months  been  noted,  though  no 
satisfactory  explanation  has  been  forthcoming.  The  results  shown  in  Chart  6  suggest 
however  that  the  explanation  lies  in  the  existence  of  a  morphological  equivalent  for  each 
so-called  strain  of  meningococci,  and  that  the  four  meningococcal  "strains"  (meningo- 
coccal and  parameningococcal)  represent  developmental  phases  of  one  strain  only.  That 
the  developmental  changes  to  be  seen  in  meningococcal  cultures  are  as  complex  as  those 
demonstrated  by  warm-stage  observations  in  Part  I  of  this  paper  in  the  case  of  organisms 
of  the  enteric  group  I  fully  demonstrated  in  1917,  also  by  warm -stage  observations  {vide 
Brit.  Med.  Journ.  Sept.  22,  1917).  That  one  was  perhaps  then  misled  into  regarding  the 
unquestionable  occurrence  of  budding,  and  of  end  of  ragmen  tation  of  chromatin,  in  the 
so-called  giant-cells  as  indications  that  these  organisms  belong  to  the  parasitic  fungi  does 
not  alter  the  basic  fact  of  demonstration  of  the  fertility  of  the  buds  and  of  the  fragments  of 
chromatin  thus  produced.  Nor  does  this  affect  the  further  fact  that  meningococci  were 
shown  on  the  warm-stage  to  be  produced  both  vegetatively  from  pre-existing  meningococci, 
and  by  chromatinolysis  from  giant-cells  w^hich  had  till  then  been  believed  to  represent 
sterile  involution  forms.  And  the  fact  that  in  the  case  of  the  enteric  group  of  organisms 
some  morphological  phases  of  development  have  in  Part  I  of  this  paper  been  indisputably 
proved  to  be  associated  with  agglutination  vagaries  lends  collateral  support  to  the  direct 
evidence  produced  in  Chart  6  that  what  is  true  of  the  enteric  organisms  is  also  true  of  the 
meningococcus.  It  appears  to  be  a  reasonable  view  that  in  the  case  of  the  enteric  organisms 
the  occurrence  of  budding  and  of  branching,  and  of  the  production  of  gonidia,  is  an  expres- 
sion of  physiological  degrees  respectively  of  plasmoptysis  and  plasmolysis,  operating  even 
in  young  standard  media.  And  this  appears  also  to  be  a  reasonable  explanation  of  the 
occurrence  of  budding  in  "giant"  cells  in  meningococcal  cultures  under  envii'onmental 
conditions  favoiu*able  to  the  induction  of  moderate  degrees  of  plasmoptysis,  and  of  the 
occiu'rence  of  gonidia  production  from  chromatinolysis  in  the  "giant"  cells  under  conditions 
favourable  to  the  induction  of  moderate  degrees  of  plasmolysis.  And  it  is  noteworthy  that 
this  chromatinolysis  in  giant- cells  in  meningococcal  cultm-es  is  best  seen  in  media  containing 
serum.  It  is  also  to  be  noted,  emphasis  being  laid  upon  this  point  in  the  case  of  the  enteric 
organisms,  that  these  unfamiliar  methods  of  reproduction  have  not  been  noted  in  cultures 
which  appear  to  be  exclusivelj^  composed  of  normal  populations,  the  ordinary  vegetative 
forms  appearing  not  to  depart  from  the  ordinary  methods  of  reproduction  by  equal  binary 
fission  only,  even  when  conditions  are  markedly  favourable  for  unusual  types  of  reproduction. 
In  the  case  of  meningococcal  cultm-es  it  appears  possible  that  the  explanation  of  the  fact  that 
some  cultures  will  not  easily  survive,  whilst  others  readily  survive,  is  due  to  the  exclusive 
presence  of  vegetative  forms  in  the  former  case,  and  in  admixture  with  fertile  giant -forms 
in  the  second  case,  these  being  able  to  survive  adverse  circumstance  in  consequence  of 
increased  resistance  to  such  circumstance,  as  was  found  to  be  the  case  with  organisms  of 
the  enteric  group. 
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CONCLUSIONS. 


There  appears,  from  tlicsc  observations,  to  be  no  doubt  that  changes  in 
afj<i;hitina})ility  are  often  associated,  in  the  case  of  the  organisms  examined, 
with  the  occurrence  of  developmental  clianges  in  sucli  organisms,  clianges 
wliich  liave  in  many  cases  definite  morphological  valuers.  It  must  however 
not  be  supposed  that  a  claim  is  here  put  forward  that  a  different  morphological 
equivalent  exists  for  eacli  of  the  agglutination  vagaries  here  disclosed.  The 
subject  is  far  too  complex  a  one  for  any  such  claim  to  be  made.  The  evidence 
so  far  produced  is  that  of  a  preliminary  investigation  only,  and  is  published 
now  in  the  hope  that  other  workers  will  devote  their  attention  to  the  morpho- 
logical problems  dealt  with.  In  the  meanwhile  an  attempt  is  being  made  to 
correlate  the  results  obtained  with  the  results  of  testing  subcultures  from 
single  cells,  and  to  show  that  reliable  polyvalent  serums  can  be  obtained  by 
construing  valency  in  terms  of  morphology  and  not  in  terms  of  "strains" 
unrelated  to  developmental  phases.  It  will  be  evident  that  absorption  tests 
are  of  little  value  in  this  work  unless  the  morphological  equivalent  of  each 
emulsion  used  in  the  preparation  of  a  serum  is  first  worked  out. 

NOTE. 

As  further  evidence  of  the  reliability  of  the  macroscopic  method  employed 
throughout  these  observations  the  subjoined  figures  of  control  titration  tests 
may  be  cited,  the  test  which  gave  the  largest  error  being  selected.  The 
maximum  experimental  error  in  this  test  is  seen  to  be  5-3  per  cent.,  as  gauged 
by  titration  of  N/20  HCl  with  N'/20  NAOH,  each  tube  in  the  total  series  of 
10  tubes  receiving  measured  quantities  of  HCl  in  water  as  follows.  First 
filling:  equal  volumes  of  acid  in  all  10  tubes.  Second  filling:  tubes  2  to  9 
receive  half  the  volume  of  the  preceding  tube,  tube  1  receiving  a  full  volume 
of  acid,  tube  10  receiving  none.  Third  filling :  each  tube  receives  a  fresh  volume 
of  acid  equal  to  the  volumes  employed  in  the  first  filling.  In  this  way  the 
distribution  of  saline,  serum  and  emulsion  was  reproduced  as  closely  as 
possible,  wdth  the  result  that  a  severe  test  of  accuracy  was  imposed  with 
regard  to  the  thirty  measurements  employed. 

In  6  of  the  10  tubes  2-90  c.c.  of  N/20  NAOH  w^ere  required  for  neutralisation. 
55  2  ,,  2-70  c.c.  ,,  ,,  „ 

55  1  55  2-82  c.c.  ,,  ,,  „ 

55     1  55  ^'OO    c.c.  ,,  ,,  ,, 

In  this  control  test  therefore  we  get  a  mean  of  2'80,  a  mode  of  2-90,  and  a 
maximum  experimental  error  of  5-3  per  cent. 

It  has  of  course  long  been  known  that  inconstant  serological  readings 
may  occur  when  observations  are  made  with  different  emulsions  made  from 
one  living  culture  at  different  intervals  of  time,  using  the  same  serum  through- 
out.  In  many  of  the  observations  recorded  in  the  text  it  is  shown  that  wide 
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variations  may  occur  when  a  series  of  fractions  of  the  same  emulsion  from 
one  culture  are  put  up  at  the  same  time  a«^ainst  different  serums  specific  to 
the  organism  under  examination,  the  existence  of  multiple  strains  being 
usually  regarded  as  adequate  explanation  of  such  variations,  the  absence  of 
considerable  experimental  error  being  assumed.  The  control  observations 
given  in  the  text  and  in  this  note  show  that  in  the  case  of  the  variations 
here  recorded  the  experimental  error  can  be  excluded. 

In  view  of  the  fact  demonstrated  in  the  text  that  wide  morphological 
variations  may  occur  in  living  fertile  descendants  of  a  single  cell,  some  of 
these  variations  being  definitely  associated  with  wide  variations  in  serological 
equivalents  in  terms  of  one  serum,  it  would  appear  that  the  multiple  strain 
theory  is  here  inadequate.  And  this  view  is  confirmed  by  the  following  tran- 
sitions occurring  within  a  few  hours. 

At  10.0  a.m.,  13.  ii.  18,  an  emulsion  was  made  in  plus  10  broth  from  a 
13  hour  4  per  cent,  glucose  agar  culture  inoculated  with  a  pure  culture  of 
B.  typhosus,  and  a  fraction  of  the  living  emulsion  was  tested  at  once  (vide  A) 
against  Lister  B.  typhosus  serum:  C  105:  28.  xi.  17:  1/20:  1/6000. 

At  2.30  p.m.  on  the  same  day  a  second  fraction  of  the  same  living  emulsion 
in  broth  was,  after  incubation  at  37°  C.  for  4J  hours,  tested  against  the  same 
serum  from  the  same  tube  {vide  B). 

Twelve  hours  later  a  third  fraction  of  the  same  living  emulsion  in  broth 
was,  after  incubation  at  37°  C.  for  16|  hours,  tested  against  the  same  serum 
from  the  same  tube  (vide  C). 

In  each  case  a  reading  was  taken  after  one  hour  at  56°  C,  and  again  after 
a  further  eight  hours  at  56°  C.  There  was  no  difference  in  the  two  readings 
in  any  tube. 
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The  transition  from  non-agglutinable  to  agglutinable,  with  corresponding 
morphological  transition,  is  however  not  necessarily  rapid,  a  more  or  less 
stable  condition  of  non-agglutinability  being  sometimes  met  with  which,  in 
one  case,  lasted  five  days  in  spite  of  repeated  subculture  in  broth.  In  such 
case  the  return  of  agglutinability,  and  of  bacillary  form,  sometimes  only 
takes  place  on  subculturing  to  agar  from  broth,  the  inverse  of  the  usual 
experience. 

The  work  on  which  Part  I  of  this  paper  is  based  was  carried  out  by  me  in 
the  laboratory  of  the  Addington  Park  War  Hospital.    The  work  on  which 
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Part  II  is  based  was  iiiidtTtakeii  in  the  Central  Laboratory  of  the  Kitchener 
Hospital,  Brighton.  In  both  cases  the  work  was  the  outcome  of  previous 
work  on  bacterial  ni()rph()lo«ry  carried  out  by  me  as  Director  of  the  Constance 
Trotter  Research  Fund  in  a,  laboratory  generously  placed  atf  my  disposal 
by  the  Governinp;  Body  of  the  Lister  Institute. 

To  my  laboratory  attendant,   E.    Hawkins,  I  am   f.'reatly  indebted  for 
scrupulous  care  in  the  preparation  of  media  and  other  material. 

notp:  explainin(;  charts. 

In  the  following  cliarts  arc  given: 

1.  The  scrum  dilutions  employed,  each  dilution  except  the  lirst  being  double 
that  of  the  preceding  dilution. 

In  all  eases  the  end-points,  denoting  partial  agglutination,  are  given,  represented 
by  the  symbol  + .  The  end -points  of  complete  agglutinations,  and  symbols  representing 
the  numerous  gradations  between  complete  agglutination  and  that  just  visible  with 
the  aid  of  a  hand -lens,  are  deliberately  omitted  so  as  not  to  confuse  the  issue. 

In  determining  the  end -points  here  recorded  extreme  care  was  taken,  in  each  series, 
to  study  the  gradations  between  each  tube  in  a  row  of  nine  tubes  in  relation  to  the 
gradations  between  the  tubes  in  all  the  rows.  The  symbol  0  represents  complete 
absence  of  agglutination. 

2.  The  numbers  of  each  subculture,  generally  with  the  dates  of  subculture. 

3.  Keys  giving  the  "genealogy"  of  the  subcultures. 

4.  The  particulars  of  each  serum  employed,  as  ,to  source,  date  of  preparation, 
dilution  and  reputed  maximum  titre. 

5.  Whenever  possible,  the  morphological  equivalent. 

In  Chart  A  the  brackets  opposite  the  numbers  3,  4,  5  =6,  7,  8  =  11,  12  =13,  14,  15,  10 
=  1,  2,  3,  4,  indicate  that  each  group  of  numbers  indicates  identical  fractions  of  one  emulsion 
{vide  Note). 

In  number  2,  of  date  11.  i.  18,  the  final  dilution  of  10,240  was  inadvertently  omitted. 

Chart  A. 

CONTROL  OBSERVATIONS  SHOWING  RELIABILITY  OF  AGGLUTINATION 
TECHNIQUE  EMPLOYED  {a)  B.  TYPHOSUS,  (b)  B.  DYSENTERIAE. 
Morphological  equivalent  of  each  control  emulsion  "normal"   bacilli. 

B.  typhosus. 
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Beproductiou  0/  Aerobic  Bacteria 
Chart  A — contd. 
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R.A.M.C.  Polyvalent  serum  =  J5.  dt/senterine  ("B.  Y"). 

Chart  1,  Group  A. 

B.  typhosus,  Strain  Pierce  versus  Lister  B.  typhosus  Serum  C  105:  1/20:  1/6000: 

28.  XI.  17. 
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l^.P.  bacillary 
D.P.  bacillary 
D.P.  thick-walled  cocc. 
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All  control  tubes  negative. 
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*  This  indicates  a  fresh  plating  on  5.  iii.  18  direct  from  original  agar  plate. 

Chart  1,  Group  B. 

B.  typhosus,  Strain   Pierce  versus  Lister  B.  typhosus  Serum  C   105:    1/20: 

1/6000:  18.  I.  18. 
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A'<  (f/  lo  Ciiltuies  (Chart  1,  Groui)  B). 
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Chart  1,  Group  C. 

B.  fyphosuSy  Strain  Pierce  versus  Lister  B.  hjphosus  Serum  C  105:    1/20: 

1/GOOO:  6.  VI.  18. 
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+      + 

0 

0           0 

0 

0 

0 

0 

0 

1 

Coccoidal 

+      + 

0 

0           0 

0 

0 

0 

0 

0 

2 

Coccoidal 

+       + 

+ 

+         + 

+ 

+ 

+ 

+ 

+ 

3 

Bacillary 

0         0 

0 

0           0 

0 

0 

0 

0 

0 

4 

Coccoidal 

0         0 

0 

0           0 

0 

0 

0 

0 

0 

5 

Coccoidal 

All  control  tubes  negative. 

Key  to  Cultur 

P,<i  ' 

16.  VI.  18 

1    A'^ar 

\>o  • 

18.  VI.  18 

! 

2   Broth 

1 

19.  VI.  18 

1 
3   Broth 
1 

20.  VI.  18 

1 
4   Agar 

22.  VI.  18 

5 

Brc 

)th 

Chart  1,  Group  D. 

B.  typhosus,  Strain  Pierce  versus  Lister  B.  typhosus  Serum  and  R.A.M.C. 

B.  typhosus  Serum. 
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Chart  1,  Group  D—contd, 
Maximum  Variations  irrespective  of  which  Serum  is  employed. 
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Key  to  Agglutinations : 

A  1.     B.  typhosus  Colony  1  v.  Lister  serum  C  105  :  1/20  :  1/6000  :  23.  viii.  18. 
A  2.     B.  typhosus  Colony  1  v.  R.A.M.C.  serum  :  1/20  :  1/7000  :  18.  ix.  18. 
B  1.     B.  typhosus  Colony  I  v.  Lister  serum  C  105  :  1/20  :  1/6000  :  23.  viii.  18. 
B  2.     B.  typhosus  Colony  1  v.  R.A.M.C.  serum  :  1/20  :  1/7000  :  18.  ix.  18. 
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Chart  1,  Group  E. 

B.  typhosus,  Strain  Pierce  versus  R.A.M.C.  B.  typhosus  Serum  and  Oxford 

B,  typhosus  Serum. 
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Chart  2,  Group  F. 

B.  typhosus,  Oxford  Strain  Edwin  versus  Oxford  Serum,  Lister  Serum  and 

R.A.M.C.  Serum. 
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Chart  3,  Group  G. 

B.  dysenteriae:  Lister  Stock  Flexner  Culture  and  Lister  Stock  Y  Culture 
versus  Lister  Stock  Serums  B.  Flexner  and  B.  Y. 
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Chart  3,  Group  G — contd. 
Morphology  of  Ijster  B.  Flexner  Culture  (Stock). 
Dominant  population  "normal"  bacilli. 

Morphology  of  B,  Flexner  Subcultures. 

1.  Slender  bacilli,  and  many  bacilli  showing  Artaud's  nodes. 

2.  "Normal"  bacilli. 

3.  Short  fat  bacilli,  uniformly  stained. 

4.  Small  coccoids,  large  diplococcoids,  large  ovoids. 

Morphology  of  Lister  B.  Y  Culture  (Stock). 
Dominant  population  verj'  minute  cocco  bacilli. 

Morphology  of  B. Y  Subcultures. 

1.  Minute  coccoids  and  diplococcoids. 

2.  ?  "Normal"  bacilli. 

3.  Minute  coccoids  and  minute  bacilli. 

4.  Minute  coccoids  and  diplococcoids  :  no  bacilli. 

B.  dysenteriae.  Key  to  Chart  3,  Group  G. 

Key  to  Cultures: 

Lister  agar  ( B.  F  or  B.  Y)  28.  v.  18 

1    Agar \ 2   Broth  30.  v.  18 

3   Agar ! 4   Broth  31.  v.  18 

Key  to  Agglutinations : 

A.  Lister  B.  Flexner  Culture  v.  Lister  B.  Flexner  serum  C94  :  1/20  :  1/3000  :  27.  in.  18 

B.  Lister  B.  Flexner  Culture  v.  Lister  B.  Y  serum  C  137  :  1/10  :  1/1500  :  27.  in.  18. 

C.  Lister  B.  Y  Culture  /'.  Lister  B.  Flexner  serum  C  94  :  1/20  :  1/3000  :  27.  ill.  18. 

D.  Lister  B.  Y  Culture  v.  Lister  B.  Y  serum  C  137  :  1/10  :  1/1500  :  27.  m.  18. 

Chart  3,  Group  H. 

B.  dijsenteriae:  R.A.M.C.  B.  Flexner  Stock  Culture  and  R.A.M.C.  B.  Y  Stock 
Culture  versus  E.A.M.C.  Serums  B.  Flexner  and  B.  Y. 
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Chart  :\,  (iuoni'  ll—contd. 

MORPHOIXMJV    OF    ii.     Fl.KXNKH    ('I'l/ri'HKH    '.i    TO    (>. 

'.i.  tShort  bucilli. 

4.  "Normal"  bacilli. 

5.  Coocoids  and  bacilli. 
(J.  Short  bacilli. 

MoHPIIOLOOY    OF    B.  y    ClTLTURES    3   TO    0. 

;{.  Kacilli  /greatly  varyiiij^  in  size:  lar^o  Hphoroidal  forms. 

1.  Larj^c  bacilli:  num(jrotiH  minute  bactcroidH. 

5.  ?  "Normal"  bacilli. 

(>.  Tiarirc  broad  baciilary  forms. 

B.  dysenteriae.  Key  to  Chart  3,  Group  H. 

Key  to  Cultures: 

R.A.M.C.  Agar  (B.  F  or  B.  Y)  24.  vi.  18 

1    Agar ! 2    Broth  2f).  vi.  18 

5   Agar 1 W    Broth  4   Agar \ G    Broth  27.  vi.  18 

Key  to  Agglutinations: 

A.  R.A.M.C.  B.  Flexner  Culture  Ledingham  24.  vi.  18  v.  R.A.M.C.  Flexner  Ledinghara  serum 

F  7  :  1/20  :  1/8000  :  27.  vi.  18. 

B.  R.A.M.C.    B.   Flexner  Culture   Ledingham   24.  vi.  18  v.  R.A.M.C.  Y  Ledingham   senim : 

1/7000  :  27.  vi.  18. 

C.  R.A.M.C.  Y  Culture  Ledingham  24.  vi.  18  v.  R.A.M.C.  Flexner  Ledingham  .serum  F  7  :  1/20  : 

1/8000  :  27.  VI.  18. 

D.  R.A.M.C.   Y  Culture  Ledingham  24.  vi.  18  r.   R.A.M.C.   Y  Ledingham  serum  :  1/7000  : 

27.  VI.  18. 

Chart  3,  Group  I. 

B.  dysenteriae:    R.A.M.C.  B.  Flexner  Culture  Ledingham  versus  R.A.M.C. 
B.  Flexner,  Lister  B.  Flexner  and  Lister  B.  FY  Serums. 
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Chart  3,  ({roup  I — contd. 
Maximum  Variations  obtained  irrespective  of  Serums  employed. 
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B.  dysenteriae. 

Key  to  Calf  it  res: 


+ 

Key  to  Chart  3,  Group  I. 

R.A.M.C.  B.  Flexner  Stock  Culture  Ledingham 

I 
Agar 

1    Aiiar 1 2   Broth 


5   Agar 


3    J5rotli 


4  Agar- 


-6   Broth 


24.  VI.  18 

2.  X.  18 

3.  X.  18 

4.  X.  18 


Key  to  Agglutinations : 

A.  R.A.M.C.  B.  Flexner  Culture  Ledingham  24.  vi.  18  v.   R.A.M.C.  B.  Flexner  Ledingham 
serum  F7:  1/20:  27.  vi.  18. 

B.  R.A.M.C.  B.  Flexner  Culture  Ledingham  2.  x.  18  v.  R.A.M.C.  B.  Flexner  Ledingham  serum 
F7:  1/20:27.  VI.  18. 

C.  R.A.M.C.  B.  Flexner  Culture  Ledingham  2.  x.  18  v.  Lister  B.  Flexner  serum  C94:  1/20: 

1/3000:27.  iii.  18. 

D.  R.A.M.C.  B.  Flexner  Culture  Ledingham  2.  x.  18  v.  Lister  B.  FY  serum  C  70:  1/10:  1/2000: 
12.  I.  18(?). 

Chart  3,  Group  K  1. 

B.  dysenteriae:  R.A.M.C.  B.  Flexner  Culture  Ledingham  versus  R.A.M.C. 
Serums  FY  3,  Y  55,  F  8  A  and  Lister  Serum  FY  C  137. 
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(A)  R.A.M.C.  serum  F  Y  3;  (B)  R.A.M.C.  serum  Y  55;  (C)  Lister  serum  FY  C  137;  (D)  R.A.M.C. 

serum  F  8  A. 
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Chart  3,  Oroup  K  1 — contd. 

Maximum  V'auiation  ikhespectivk  ok  Skrvm. 
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Chart  3,  Group  K  2. 

B.  dysenteriae:   R.A.M.C.   B.  Flexner  Culture   Ledingham  versus  R.A.M.C. 
Serums  FY  3,  Y  55,  F  8  A  and  Lister  Serum  C  94. 
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(A)  Lister  B.  Flexner  serum  C94;    (B)  R.A.M.C.  serum  Y  55;    (C)  R.A.M.C.   serum   FYS; 

(D)  R.A.M.C.  serum  F  8  A. 

Maximum  Variation  irrespective  oi  Serum. 

1/80  1/160  1/320   1/640    1/1280     1/2560     1/5120    1/10,240  1/20,480  Serum 

0  

+  +         

+  +  +         

+  +         +  + 

+  +  +  +  + 

+  +  +  ++  +  +  + 


402 


Heprod fiction  of  Aerobic  Bacteria 


Chart  3,  Group  K  3. 

B,  dysenteriae:  R.A.M.C.  B.  Flexner  Culture  Lediugham  versus   R.A.M.C. 
Serums  FY  3,  Y  55,  F  8  A  and  Lister  Serum  C  94. 
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(A)  Lister  B.  Flexner  serum  C  94;    (B)  R.A.M  C.  serum  B.  Y  65;   (C)  R.A.M.C.  serum  B.  FY  3; 

(D)  R.A.M.C.  serum  F  8  A. 

Maximum  Variation  irrispective  of  Serum. 
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Chart  4,  Group  L  1. 

B.  dysenteriae:  B.  Y  Kitchener  Strain  (B)  versus  R.A.M.C.  Polyvalent  Serum, 
FY  3,  Y  55,  Y  4,  and  Lister  FY  C  137  Serum. 
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Chart  4,  (.'roup  L  \-  conld. 
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Key  to  Cultures: 


R.A.M.C   Y  4 
Maximum  VAurAxioNs  irrespective  of  Serums. 
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Chart  4,  Group  L  2. 
B.  dysenteriae:  R.A.M.C.  Polyvalent  Flexner  Y  Serum  D  1:  1/100: 
15.  XI.  8  versus  two  Y  strains  and  one  F  strain. 
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Key  to  Cultures: 

Broth  Kitchener  B.  Y  (B)  2.  xi.  18 
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Chart  5,  G'roup  M. 

B.  dysenteriae:  B.  Shiga-Kruse  Culture  Oxford  versus  Oxford  Shiga  Serum, 
K.A.M.C.  Shiga  Serum  and  Lister  Shiga  Serum. 

Maximum  Variations  with  each  Serum. 
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Chart  6,  Group  N. 
Meningococcus  Type  1  versus  R.A.M.C.  Serums  Types  1,  2,  3,  4. 
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E.A.M.  with  serum  type  4  17-2 

„      3  1710 

„      2  19-12 

»      1  29-12 

Cultures  4,  23,  31  C  agglutmate  with  serums  2,  3  or  4  respectively  as  well  as  does  any  single 

culture  with  serum  1 :  1/800. 
Cultures  23,  16,  17,  3rC,  7  agglutinate  with  serums  2,  3  or  4  respectively  as  well  as  do  cultures 
4,  7,  16,  21,  26,  30  A,  1  with  serum  1:  1/400. 
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Type  1 
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Key  to  Cultures:  A   'JVvp.  asrar 
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4.  XI.  18  1    Tiyp.  agar Condens.  H2O Plasma-broth 

..  ...  ..  3  T..P.  agar_±-.   L.ap  a,a.       7  tJ.  a,a.  S  Tr,p.'a«a. 

0.  XI.  18     Plaa.  Br. — 14  Tryp.  agar     15   Tryp.  agar         10   Tryp.  agar 

7.  XI.  18     Tryp.  agar 

8.  XI.  18     23  Plasma  agar 

Plasma  broth  of  4.  xi.  18 

I 

5.  XI.  18  8   Tryp,  agar 

0.  XI.  18  Plasma  broth ^ 17   Tryp.  agar 

7.  XI.  18  21    Tryp.  agar 

8.  XI.  18  28   Plasma  agar ■ 20   Tryp.  agar 

9.  XI.  18  Plasma  agar 

10.  XI.  18  31  A   Tryp.  agar ! 30  A   Tryp.  agar  (inoc.  c.  cond.  HgO  28) 

U.  XI.  18         Plasma  agar ■ 31  C   Tryp.  agar  (inoc.  c.  cond.  HjO  31  A) 

12.  XI.  18         34   Tryp.  agar 

Meningococcus  Type  1 :  Morphological  Equivalents  of  Subcultures. 

A.  Chiefly  small  equally  dividing  meningococci:  several  deeply  staining  "giant"  forms, 
some  dividing  equally,  others  unequally  (budding),  others  showing  central  clear  space. 

1.  Normal  meningococci,  equally  dividing:  uniform  in  size  and  staining:  no  "giant"  forms 
seen. 

3.  Large  non-dividing  forms:  three  and  four  times  the  diameter  of  meningococci. 

4.  Normal  meningococci  mixed  with  minute  forms,  some  of  which  are  about  0-2  microns  in 
diameter:  a  few  small  deeply-staining  non-dividing  forms. 

7.  Normal  dividing  meningococci,  some  very  minute:  no  "giant"  forms  seen. 

8.  Normal  dividing  meningococci,  some  very  minute:  a  few  "giant"  forms,  numerous  Gram 
negative  minute  bacilli:  organisms  stain  uniformly. 

14.  Vide  15. 

15.  Medium  sized  "giant"  forms,  only  a  few  showing  signs  of  division:  several  small  bacillary 
forms  (Arkwiight,  d'Este  Emery  and  others). 

16.  Dominant  population  lightly-staining  "giant"  forms,  many  undergoing  unequal  fission: 
occasional  small  bacillary  forms. 

23.  Large  organisms  staining  uniformly:  many  staining  deeply  with  double  contour  outline, 
suggesting  thick  walls. 

21.  Large  deeply-staining  organisms,  occurring  singly,  in  short  chains  and  in  clusters.  No 
evidence  of  division.  Some  have  clear  centres,  in  others  the  clear  space  is  placed  laterally,  perhaps 
a  profile  effect.  Population  as  a  whole  homogeneous  in  size.  In  some  cases  the  clear  centre  occupies 
the  greater  part  of  the  cell.  The  film  does  not  in  the  least  degree  represent  a  meningococcal 
preparation. 

26.  Normal  dividing  meningococci,  mixed  in  some  parts  of  the  film  with  large  numbers  of 
small  bacilli,  which  are  in  many  cases  throwing  off  Gram  negative  buds,  indistinguishable  from 
meningococci :  several  bacilli  are  undergoing  spherical  segmentation  in  the  terminal  part  of  the 
bacillary  axis. 
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17.  No  nu"nin;^'()c()cc,i  hccii  :  poijiilutioii  apjxuirin;^  entirely  t<;  coiiHiHt  of  "giant"  ci'IIh  of  all 
sizes,  mainly  undcMgoing  uno(jual  binary  liHsion. 

.'{1  A.  "(Jiant"  cells  of  all  sizes,  from  very  small  to  larj^e:  some  staining  deeply,  with  thickened 
walls.  A  f(nv  ociually  dividing  nieningococci  seen,  and  a  ivw  minute  haciilary  forms,  some  being 
of  the  wisj)  type. 

30  A.  NoriM.il  e(pially  dividing  meningococci,  and  a  f(!w  large  "giant"  forms,  with  deeply- 
staining  outline,  and  elear  centres:  numcrowH  cliains  of  '.i,  4,  5  or  (i  organisms:  one  chain  of  8 
organisms. 

34.  Extremely  minute  single  and  dividing  cocci,  some  measuring  about  01  to  0-2  microns 
in  diameter.  Some  of  the  larger  forms,  from  0-4  upwards,  stain  more  deeply  than  the  smaller 
forms,  some  of  which  occur  in  short  chains. 

(Numbers  refer  to  films  and  not  to  cultures.) 

Rough  Summary  of  Results. 

Altliough  true  meningococci  are  represented  in  serum  1,  as  shown  by  the  high  agglutination 
figure  reached  with  scrum  1  in  the  case  of  subculture  8,  it  appears  that  the  antigenic  value  of 
strain  1,  as  repiesentcd  in  serum  1,  finds  its  chief  expression  in  "giant"  forms,  the  morphological 
equivalent  of  films  3,  14,  17,  23,  31  A,  from  the  subcultures  which  give  the  highest  readings 
with  serum  1  (except  8),  being  mainly  that  of  "giant"  forms  in  various  stages  of  development. 
As  I  showed  in  1916  "giant"  forms  may  be  either  large,  small  or  intermediate  in  size,  and  can 
at  once  be  distinguished  from  true  meningococci  on  the  warm -stage  by  the  fact  that  they  often 
multiply  by  unequal  binar}'^  fission,  and  by  the  further  fact  that  they  often  undergo  in  addition 
endo-chromatinolysis,  giving  rise  directly  to  meningococci  which  then  divide  in  the  ordinary 
vegetative  manner.  These  fertile  "giant"  forms  are  readily  distinguishable  from  forms  under- 
going genuine  involutionary  changes,  both  by  the  sterility  of  the  latter  when  observed  on  the 
warm  stage  and  by  their  feebly-staining  properties. 
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EXPLANATION  OF  PLATES  IV     VII. 

PLATE  IV. 

B.  typhosus  subcultured  on  +  10  agar  from  4  %  glucose  broth.  Composite  selected  fields.  Agar 
cultures  1  to  3  hours,  glucose  cultures  12  hours. 

1.  Thick-walled  cells  (a)  resting,  (b)  germinating.  2.  Bacteroids  living.  3.  Sporangoids 
living.  4.  Chlamydosporoids  living.  5.  Oidioids  living.  6.  Gonidioids  living.  7.  Coccoids 
stained.     8.  Giant-cells  stained.    9.  Flagella  unstained.     10.  Mixed  field  living. 

Series  1—10,  x  1500. 

PLATE  V. 

B.  typhosus :  warm-stage  observations  on  +  10  agar  from  4  %  glucose  broth. 

Series  A— D,  x  1500. 

PLATE  VI. 

B.  typhosus:  warm-stage  observations  on  +  10  agar  from  4%  glucose  broth. 

Series  E— J,  x  3000. 

PLATE  VII. 

B.  typhosus.  Developmental  phases  associated  with  loss  of  agglutinability  (photographs  by 
F.  Martin  Duncan,  x  1000). 

1,  5.    Thin- walled  coccoids  (agglutination  nil),  Lister  serum. 

4,  8.   Thick-walled  coccoids  and  normal  bacilli  (agglutination  1/1280),  Lister  serum. 
2,  3,  6.    Thick-walled  coccoids  (agglutination  nil),  Lister  serum. 

7.    Thick-walled  coccoids  and  baccilli  (agglutination  1/160),  Lister  serum. 

Pure  bacillary  subcultures  from  these  coccoids  agglutinated  to  1/40,960,  Lister 
serum.  For  warm-stage  observations  of  growth  from  coccoid  to  bacillus  v. 
Plate  VI,  G. 

Time-Table  of  Plates  V  and  VL 

A.  4.55,  5.10,  5.22,  5.35,  5.45,  6.0,  6.12,  6.50  p.m. 

B.  7.35,  7.50,  8.15,  8.40,  9.0,  9.20,  9.40,  10.0  p.m. 

C.  8.40,  9.10,  9.40,  10.10,  10.30  p.m. 

D.  7.0,  7.40,  8.10,  9.0,  9.15,  9.50,  10.15  p.m. 

E,  F.     10.0,  10.5,  10.10,  10.20,  10.25,  10.40,  11.10  to  12.0  p.m. 
I.     7.30,  8.0,  8.35,  9.0  p.m. 
J.     6.25,  6.35,  6.44,  6.48  p.m. 
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THE  DIETS  OF  LABOURING  CLASS  FAMILIES  DURING 
THE  COURSE  OF  THE  WAR. 

By  MARGARET  FERGUSON,  M.A. 

{From  the  Physiological  Laboratory,  University  of  Glasgow.) 

In  1915-1916  I  studied  the  dietaries  of  forty-seven  Glasgow  labouring  class 
families  with  the  object  of  comparing  the  food  of  healthy  and  rachitic  children. 
The  results  of  this  work  were  published  by  the  Medical  Research  Committee^ 
In  order  to  ascertain  how  the  food  was  affected  by  war  conditions  subse- 
quent studies  were  made  of  a  few  typical  famihes  at  three  different  periods. 

(1)  Ten  famihes  were  investigated  in  February  1917,  when,  though  prices 
were  high,  all  food-stuffs,  save  potatoes,  were  still  plentiful. 

(2)  Eight  of  these  famihes  consented  to  a  third  study,  which  was  carried 
out  in  November  1917,  after  voluntary  rationing  had  been  urged  by  the 
Minister  of  Food. 

(3)  In  December  1918  five  of  these  famihes  were  studied  for  a  fourth  time, 
this  time  during  the  period  of  compulsory  rationing  of  meat,  sugar  and  fats. 

We  have,  thus,  a  series  of  four  investigations  of  the  same  five  famihes 
under  different  conditions  and  extending  over  a  period  of  three  years  of  the 
war.   The  present  report  summarises  the  information  gathered. 

The  studies  included  three  men,  five  women,  twelve  children  over  ten 
years  and  fourteen  under  ten  years  of  age. 

In  each  case  the  food  was  weighed  for  the  period  of  a  week. 

The  method  of  investigation  adopted  is  explained  in  Professor  Noel  Paton's 
introduction  to  the  report  of  the  dietary  studies  made  by  Miss  Dorothy  Lindsay 
in  1911-1912.  Miss  Lindsay's  work  was  done  in  Glasgow  upon  the  same  class, 
and  forms  a  pre-war  standard  of  comparison  with  the  present  results. 

A  comparison  of  the  results  is  given  in  Table  I. 

I.    The  effect  of  Rationing. 

The  present  study  shows  that  rationing  had  little  effect  upon  the  protein 
content  or  the  energy  value  of  these  diets,  but  that  the  average  consumption 
of  fat  fell  14  gms.  per  man  per  day.  Four  of  the  five  families  consumed  less 
fat.  Where  strictest  economy  is  necessary,  as  was  the  case  here,  the  housewife 
generally  relies  on  margarine  as  her  chief  source  of  fat,  the  fats  in  meat  being 

1  See  Special  Report  Series,  No.  20,  1918,  and  also,  from  the  economic  standpoint,  in  Proc.  Boy. 
Sac.  Edinburgh,  Vol.  xxxvn,  part  ii. 
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so  much  more  expensive.  Dripping  and  lard  could  have  been  used  instead  of 
margarine,  but  that  would  have  been  contrary  to  the  usual  dietary  habits  of 
the  families  in  question,  and  the  housewives  seem  to  have  preferred  simply  to 
reduce  the  allowance  of  fat.    Table  II  shows  the  extent  of  the  reduction. 

Table  I. 

Energy  Valuer  Protein  and  Fat  Consumption  per  man  per  day  calculated 
on  the  basis  of  Atwater's  allowances. 


First  study,  1915—16 

Second  study,  Feb.  1917 

•a 

Protein 
in  gms. 

Fat  in 
gms. 

Energy  in 
calories 

Family 
income 

Protein 
in  gms. 

Fat  in 

gms. 

Energy  in 
calories 

Family 
income 

S84 

86-0 

93-0 

2836 

27s. 

77-5 

63-8 

2530 

306'. 

N31 

128-9 

128-2 

4174 

366\ 

103-0 

67-8 

3112 

39.S. 

H47 

88-9 

67-2 

3003 

22s. 

85-0 

62-3 

2714 

235.  5d. 

M112 

88-0 

97-5 

3318 

30.s\ 

105-9 

98-1 

3470 

555.  6d. 

N  150 

148-4 

105-3 

3568 

25s. 

138-6 

112-8 

3690 

355.  6d. 

Average 

108-0 

98-2 

3380 

— 

1020 

810 

3104 

Average* 

93-1 

84-2 

2897 

— 

87-4 

69-4 

2661 

— 

Third  study,  Nov.  1917 

Fourth  study,  Dec.  1918 

S84 

82-3 

66-0 

2289 

386-. 

79-9 

65-3 

2713 

555. 

N31 

1231 

77-2 

4079 

44*. 

104-7 

60-3 

2892 

41 5.  (jd. 

H47 

100-1 

77-2 

3159 

345. 

93-3 

62-9 

30031 

345. 

M112 

119-9 

134-6 

3650 

4l5.-61.s-. 

1000 

71-0 

33321 

6l5. 

N150 

105-0 

92-7 

3202 

48.S'. 

146-1 

117-4 

3691-1 

685. 

Average 

106-1 

89-5 

3276 

— 

104-8 

75-4 

3126 

— 

Average* 

87-5 

76-7 

2808 

— 

89-6 

64-6 

2680 

— 

*  Corrected  to  Lusk  standard  (p.  411). 

Table  11. 

Amounts  consumed  per  man  per  week  in  lbs.  on  the  basis  of  Ativaters 

allowances,  and  the  food  value  purchased  per  penny  spent  in  each  study. 


First  study 


Second  study 

A.— 


S  84  4-97 

N31  7-51 

H47  4-0 

M112  4-55 

N  150  704 


o 

Ph 

4-03 

1-7 

4-0 

4-52 

816 


1-0 
1-69 
•91 
1-71 
3-69 


•86  2267 

2-08  2191 

1-52  868 

1-43  2079 

•56  2464 


3  o8 


C2 


CO    d) 


•51  354 

•52  413 

•50  418 

•71  400 

•21  277 


a  o 

^  t^ 

5-64        -78 
7-58        -7 

7^69  — 

7-87  2-1 

7-08  5-55 


•91 
1^6 

•62 
1-79 
3-29 


bo 

•84 
•68 
•57 
•87 
1-23 


(O 


bo 


3  cfi 

m  a 
-64 


u         ^ 


O' 


739 

801  45 

340  57 

808  ^85 

1360  49 


O  p. 

265 
324 
330 
303 
182 


Av.      5-61      4-48      18        1-29      1974     -49      372     7-17      1-83      1-74 


•84 


810      6        281 


S  84 
N31 
H47 
M112 


626 
9-63 
7-06 
632 


N  150   513 


2-04 
5- 12 
5-95 
5-72 
9-9 


M8 
•97 
•96 

121 

0.70 


Third  study  Fourth  study 

•52   1041   33  222  469  2-93  115   1-25   1420  47  217 

116  2431   88  378  7-55  3-49  1-74   -81   1453  -47  223 

•58   800   57  345  6-89  3-68  -99    83   477  ^46  269 

•90   1737  1-32  241  7-72  3-38  2-12   1-34   1560  32  192 

•73   1459  ^58  203  6-10  5-40  40    -50  2470  -20  148 


Av.   6^88  5-75   1-41   -78   1494  -74   278  6-59   3-78   20    -95   1476   38   210 
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The  diet  which  shows  an  increase  of  fat  (N  150)  is  that  of  a  family,  which 
had  a  considerable  advance  of  income  durinf^  the  war.  The  fat  eaten  by  this 
family  came  mainly  from  moat,  ]mrticularly  from  unrationed  sausages  and 
bacon.  Indeed  they  did  not  draw  their  full  nuirj^arine  ration,  and  the  mother 
was  in  the  habit  of  nsin«^  a  small  quantity  of  dripping  each  day  to  light  the 
fire! 

The  official  weekly  rations  at  that  time  were:  Sugar  J  lb..  Margarine  J  lb. 
and  Butter  1  oz.  Meat  (excluding  rabbits,  bacon  and  sausages,  which  were 
not  rationed)  could  be  purchased  to  the  value  of  ]s.  3d.  per  person  y)er  week. 
There  were  also  lard  and  jam  rations  each  amounting  to  |  lb.  weekly.  The 
former  none,  and  the  latter  only  two  of  the  families  purchased. 

Mc(i(.  All  the  families  had  slightly  more  meat  at  the  fourth  than  during 
previous  studies.  This  was  probably  due  to  the  butter  and  margarine  re- 
strictions. The  average  amount  of  rationed  meat  eaten  during  the  study  week 
was  only  I  lb.  per  person. 

Sugar.  Famihes  S  84  and  M  112  had  the  Christmas  increase  to  |-  lb.  per 
person.  N  150,  on  the  other  hand,  did  not  use  the  full  |  lb.  ration.  On  the  whole 
the  sugar  consumed  was  more  than  at  the  previous  study,  though  not  so  much 
as  in  1915. 

Rationing  thus  brought  about  singularly  little  change.  The  more  deter- 
minative factors  were  income,  and  the  dietary  habits  of  the  families. 

II.    A  Consideration  of  the  Adequacy  of  the  Diets. 

From  Table  I  it  will  be  seen  that,  with  one  exception,  there  is  a  singular 
uniformity  in  the  energy  value  of  the  diet  of  each  family  at  the  four  different 
periods.  This,  however,  is  no  guarantee  that  the  food  is  sufficient.  Recent 
investigations  would  seem  to  show  that  Atwater's  allowances  for  age  and  sex, 
upon  which  these  and  all  previous  dietary  studies  have  been  calculated,  are 
not  adequate.  Lusk  has  suggested  that  the  following  values  may  be  taken  as 
representing  the  ratio  of  the  food  requirements  of  the  child  to  that  of  the 
average  man,  and  this  has  been  accepted  by  the  Food  Committee  of  the  Royal 
Society,  and  the  International  Committee. 

Lusk  Atwater 


Age 

Coefficients 

Age 

Coefficients 

0-  6 

0-5 

Under  2 

0-3 

6-10 

0-6 

2-  5 

0-4 

10-13 

0-83 

6-  9 

0-5 

13-20  (boys) 

10 

10-13 

0-6 

Average  man 

10 

14-16 (boys) 

0-8 

Average 

man 

10 

13-20  (girls) 

0-83 

14-16  (g; 

iris) 

0-7 

Average  woman 

0-83 

Average 

woman 

0-8 

These  figures  were  calculated  on  the  basis  of  the  standard  measurements  of 
the  Anthropometric  Committee,  1883,  and  on  the  experimental  work  of  Du 
Bois,  who  proved  that  the  energy  expended  per  unit  of  body  surface  is  greater 
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ill  children  than  in  the  adult  male.  The  adoption  of  Lusk's  coefficients  instead 
of  Atwater's  raises  the  average  equivalent  per  person  in  the  five  families  from 
0-6  to  0-7  of  a  man.  The  values  of  the  diets  according  to  Lusk's  allowances 
are  given  at  the  foot  of  Table  I.  These  are  much  below  what  is  usually  thought 
necessary.  The  explanation  of  this  probably  lies  in  the  fact  that  in  three  of 
the  families  the  children  were  markedly  below  the  Anthropometric  Com- 
mittee's averages.  Omitting  N  150,  where  there  were  only  two  small  children 
under  five  years,  whose  dietary  needs  were  small  compared  with  those  of  the 
parents,  the  figures  were  as  follows: 


Height  in  cms. 


Anthrop 
Comu 

ometric 
littee 

Female 

N31 

Age 

Male 

MaI7 

FemsUe 

2 

85-5 

8M 

— 

— 

5 

104-2 

103 

— 

— 

6 

111-8 

108-9 

— 

— 

7 

lUi-S 

112-9 

— 

— 

8 

119-5 

118-4 

■  — 

— 

9 

126-2 

123-8 

126 

— 

10 

i:u-7 

129-7 

132 

— 

11 

135-8 

134-9 

— 

— 

12 

139-7 

141-4 

— 

— 

13 

144-6 

146-7 

— 

144 

14 

150-7 

151-9 

— 

153 

15 

155-4 

154-6 

— 

156 

Adult 

171 

159-3 

— 

159-2 

Anthrop 
Comi 

ometric* 
nittee 

Female 

We 

Miile 

ight  in  Iy> 

N31 

.1        ^ 

Age 

Male 

1        Female 

5 

181 

17-8 

— 

— 

6 

201 

18-9 

— 

— 

7 

22-5 

21-6 

— 

— 

8 

24-9 

23-6 

— 

— 

9 

27-4 

25-2 

22- 

05       — 

10 

30-0 

28-1 

25-45       — 

11 

32-7 

30-8 

— 

— 

12 

34-8 

34-6 

— 

— 

13 

37-5 

39-5 

— 

31-82 

14 

41-7 

43-9 

— 

44-54 

15 

46-7 

48-3 

— 

47-73 

S84 


Male 


—  91-4 


Female 


—  —  lOl-O         — 


H47 
Male        Female 
66-7  — 

90- 1  — 

—  105-4 


Male 


108-6  ~ 


—  125  —  —  111-8  — 
_  _  _  _  107-6  —  — 
—           131-4  _            _            —            —            — 

—  —  123-2         —            —  125-7 
_  _            _  125-7          —  125-7 


138-4         — 


136-5         — 


174 


161-3        170-1        156-2 


154-7 


S84 


H47 


M112 


Male        Female 
14-32        — 


Male 


Female 


Male 


Female 


140         —  — 


—  15-91 


—  20-45       — 


—  17-27  — 
19-32  —  — 

—  20-0  — 
19-54  —  — 


30-5 


30-45        — 


25-0 


26-82       — 


23-87 
23-4 


—  —  32-5 


*  The  Anthropometric  Committee's  average  includes  clothing.  In  the  present  investigation 
the  weight  of  the  clothing  varied  from  1  kgm.  in  the  case  of  children  of  five  or  six  years  to  3  kgm. 
for  the  older  ones. 

The  measurements  of  the  children  in  height  and  weight  fell  so  far  below 
the  Anthropometric  Standard  upon  which  Lusk's  coefficients  are  based,  that 
an  independent  calculation  of  the  probable  basal  needs  of  the  various  children 
of  each  family  was  made. 

The  body  surface  was  calculated  from  the  formula 
S  =  0-007184  X  Tfo"425  X  H^'^^ 
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where  S  is  the  surface  in  square  metres,  W  tlie  weight  iu  kilograms,  and  //  the 
lieight  ill  ceiitimetrea,  and  the  heat  evolved  per  square  metre  per  hour  by 
tlie  formula  log//  l-8.*i()2  —  ()•()!  18./;,  where  x  is  the  age  in  years  and  //  the 
re(iuirod  basal  metabolism  per  hour. 

From  the  total  calories  consumed  during  the  week  by  each  family  were 
subtracted  first  the  requirements  of  the  parents  on  the  basis  that  they  were 
persons  of  average  size.  TJie  women's  food  requirements,  i.e.  as  eaten,  were 
taken  as  being  ecjual  to  ()-8.3  that  of  a  man  at  a  sedentary  occupation,  i.e. 
2500  calories  per  day.  Allowances  were  made  for  the  men  according  to  their 
occupations.  The  basal  requirements  of  the  children,  calculated  as  indicated 
above,  were  then  subtracted,  the  remainder  being  the  energy  available  for 
movement,  heat  production,  muscular  work,  digestion  and  growth.  The 
Food  (War)  Committee  of  the  Royal  Society^  have  attempted  to  deal  in  this 
manner  with  the  food  requirements  of  children.  Although  sufficient  data  were 
not  forthcoming  to  allow  the  Committee  to  make  a  definite  statement,  they 
tentatively  suggest  doubling  the  basal  needs  for  ordinary  life  and  trebling  in 
the  case  of  a  very  active  child. 

From  the  poor  physique  of  the  children,  in  the  present  investigation,  it  is 
apparent  either  that  their  food  has  not  been  sufficient  to  allow  for  normal 
growth,  or  that  some  other  factor  or  factors  have  inhibited  growth.  In 
approaching  this  question  it  is  necessary  to  find  out  whether  the  diets  were 
the  result  of  unrestricted  choice,  or  whether  poverty  compelled  the  mothers 
to  limit  the  children's  food.   Each  family  will  be  considered  by  itself. 


A.    Families,  whose  diet  has  been  fairly  constant  in  energy  value 

four  periods  of  study. 

S  84.       Total  calories  in  7  days' food 

Father,  labourer,  at  3500  calories  daily    ... 
Mother  at  2500  calories  daily 
Calories  remaining  for  children 
Basal  needs  of  Alexander  (14) 

Charlie  (11)  

EraUy(9) 

„  Tommy  (7) 

„  David  (5)     ... 

Baby  (3)      

Total  basal  needs  of  children  for  7  days 

Calories  in  the  food  available  for  energy  expenditure  in  growth,  etc. 

or  22  per  cent,  of  the  basal  needs. 


at  the 


Calories 

95,160 

24,500 

17,500 

53,160 

8,701 

9,100 

7,651 

6,713 

5,999 

5,250 

43,414 

9,746 


Allow  ini£ 


All  the  children  are  below  the  Anthropometric  Standard  Average. 
2  kgms.  for  clothing  their  average  deficiency  in  weight  is  3-7  kgms.  or  13  per 
cent. 

*  Beport  on  the  Food  Requirements  of  Man  and  their  Variations  according  to  Age,  Sex,  Size  and 
Occaimtion,  March  1919. 
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Calories 

il  47.     Total  caloriea  in  7  days' food         100,894 

Father,  shoemaker,  at  3150  calories  daily            22,050 

Mother  2500  culoriea  daily 17,500 

Hemaiiuler  for  children        ...          ...          ...          ...          ...          •••          •••          •••  (>1,344 

Basal  needs  of  Hannah  (13)            ...         ...         ...         ...         ...         •••         •••  7,903 

Walter  (12)              7.609 

Ina(lO)        M29 

Jessie  (8)      M92 

William  (G) 6,600 

Sandy  (2) 5,250 

Total  basal  needs  of  children  for  7  days 39,683 

Calories  available  in  the  food  for  energy  expenditure  in  movement,  growth,  etc.    21 ,00 1 

or  55  per  cent,  of  the  basal  needs. 

All  the  children  are  below  the  average  in  size.  Allowing  2  kgms.  for  cloth- 
ing, their  deficiency  in  weight  averages  6-28  kgms.  or  21-5  per  cent. 

Calories 

M  112.   Total  calories  in  7  days' food         84,968 

Father,  seaman,  for  1  whole  day  and  2  meals     ...         ...         ...         ...         ...  5,830 

Mother  2500  calories  daily 17,500 

Calories  remaining  for  children      ...         ...         ...         ...         ...         ...         •••  61,638 

Ba.sal  needs  of  James  (14) 8,624 

Sarah  (13) 7,553 

Peggy  (13) 7,490 

Robert  (9) 7,079 

David  (7) 6,895 

Kathie(2) 5,250 

Total  basal  needs  of  children  for  7  days 42,891 

Calories  available  in  the  food  for  energy  expenditure  in  growth,  movement,  etc.  18,747 

or  44  per  cent,  of  the  basal  needs. 

All  the  children  are  undersized.  Allowing  for  clothing  as  above,  they  fall 
short  by  8-71  kgms.  or  25-5  per  cent,  of  the  Anthropometric  Committee's 
averages. 


B.    Family^  whose  diet  has  varied  considerably  from  time  to  time. 


N  31.     Total  calories  in  7  days' food 
Mother  at  2500  calories  daily 
Calories  remaining  for  children 
Basal  needs  of  Nettie  (15) 

„  Bessie  (14)  ... 

„  Alice  (13) 

„  Robert  (10)  

John  (9)       

„  Tommy  (3^)  

Total  basal  needs  of  children  (7  days)      

Energy  in  the  food  remaining  for  movement,  growth,  etc. 

or  29  per  cent,  of  the  basal  needs. 


Calories 

86,769 

17,500 

69,2r69 

10,881 

10,734 

9,043 

8,491 

8.958 

5,600 

53,707 

15,562 


The  two  elder  girls  are  above  the  Anthropometric  Committee's  average  in 
size,  the  four  younger  children  are  slightly  below.  The  marked  fluctuations  in 
energy  value  of  the  food  consumed  by  this  family  were  entirely  due  to  changes 
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in  incoinc.  Wlion  first  studied  ilw.y  wore,  in  comfortable  circumstances.  At 
that  time  they  were  consuming,  on  Atvvater's  allowances,  4174  calories  per 
man  per  day.  At  the  second  study,  owing  to  the  rise  which  had  taken  place  in 
the  cost  of  living  without  a  corresponding  increase  in  the  family  income,  they 
could  only  afford  3112  calories  per  man  per  day.  With  an  improvement  in 
income,  when  the  eldest  girl  left  school,  the  value  of  the  diet  again  rose  to  over 
4000  calories,  which  is  equivalent  to  more  than  twice  the  basal  needs.  In 
December,  while  the  cost  of  living  had  further  risen,  the  eldest  girl  had  had  to 
leave  her  work  to  help  her  mother  at  home.  The  Government  Separation 
Allowance  was  then  their  only  source  of  income,  and  this  fact  at  once  made  its 
influence  felt  on  the  food.  In  spite  of  the  temporary  periods  of  shortage,  the 
children  appear  to  have  suffered  little  interruption  of  growth. 

Probably  in  all  the  foregoing  families  the  metabolism  is  lower  than  it  would 
be  w^ith  a  plentiful  diet.  This  would  make  it  possible  for  them  to  go  on  for 
some  time  on  such  small  supplies.  But  if  this  is  so,  it  will  be  accompanied  by 
a  lessening  of  the  muscular  activity  necessary  to  healthy  development. 

III.    The  cost  of  living. 

The  average  value  obtained  by  the  five  housewives  was  210  calories  per  Id. 
This  represents  very  economical  purchasing,  the  diets  including  almost  no 
milk,  no  eggs,  little  meat,  little  fish,  and  little  fat.  The  energy  came  chiefly 
from  bread  and  potatoes.  Possibly  the  stunting  of  growth  noticed  in  the 
children  may  be  due  to  a  deficiency  in  food  containing  the  accessory  growth- 
producing  factors. 

The  problem  narrows  itself  down  to  one  of  poverty.  Only  one  family 
(N  150)  could  afford  even  the  freedom  of  choice  allow^ed  by  the  rationing 
scheme.  Assuming  that  children  require  twice  as  much  food  as  their  basal 
needs,  we  can  calculate  how  many  calories  each  mother  ought  to  purchase  in 
food.  If  divided  by  210,  the  average  number  of  calories  purchasable  per 
penny,  this  will  represent  the  amount  which,  at  the  very  least,  each  mother 
ought  to  spend  on  food.  More  could  with  advantage  be  spent  so  as  to  allow  of 
more  milk,  eggs,  etc.  The  following  table  compares  the  amount  which,  from 
the  above  calculation,  should  have  been  spent  on  food  with  the  total  weekly 
income  of  each  family : 

Table  III. 


No.  of  family 

Cost  of  food 

Weekly  income 

£  s.      d. 

£  s.      d. 

S     84 

2  11      1 

2  15     0 

H    47 

2     7     4 

I    14     0 

M112* 

2     3     4 

3     1     0 

N    31 

2     9  11 

2     1     () 

*  Father  intemperate,  mother  careless. 

In  addition  to  food  the  mother  has  to  make  her  income  cover  the  costs  of 
rent,  coal,  gas,  clothing,  boots,  cleansing,  and  insurance. 
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Summary. 

1.  Throughout  the  war  the  food  value  of  the  dietaries  investigated  with 
one  exception  showed  great  constancy,  temporary  shortage  of  certain  com- 
modities being  compensated  for  by  the  greater  use  of  others,  especially  of 
Hour. 

2.  The  food  consumed  was  determined  much  more  by  the  income  and 
dietary  habits  of  the  families  than  by  the  restrictions  imposed  by  rationing. 
The  marked  variations  in  the  energy  value  of  one  dietary  from  time  to  time 
(normally  a  generous  one)  were  directly  caused  by  changes  of  income. 

3.  The  children  of  three  famiUes  were  markedly  below  the  average  in 
height  and  weight.  As  the  energy  available  in  the  food  of  these  families  only 
averaged  40  per  cent,  above  their  basal  requirements  calculated  according  to 
age  and  body  surface,  it  seems  probable  that  the  interruption  of  growth  had 
been  caused  by  an  insufficient  supply  of  food. 

4.  A  fourth  family  had  at  two  periods  of  study  an  equally  low  intake  of 
energy,  but  during  the  other  two  studies  had  at  least  100  per  cent,  above  the 
basal  energy  requirements.  As  the  children  were  normal  in  development, 
growth  was  apparently  unchecked  by  the  temporary  periods  of  food  shortage. 
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A  POLYVALENT  VACCINE  IN  THE  TREATMENT  OF 
BACILLAJIY  DYSENTERY  IN  EAST  AFRICA  i. 

P.V  W.   II.  KAUNTZK,  M.B.E.,  M.J^,   H.Sr.  (Lond.), 

Patholofjist,  East  Africa  Protector  ate 
{late  Captain,  West  African  Medical  ^Staff). 

The  research  on  which  this  paper  is  based,  was  carried  out  between  September 
1916,  and  April  1917,  while  the  writer  was  in  charge  of  the  Carrier  Depot 
Hospital,  Nairobi,  British  East  Africa. 

Dysentery  was  the  most  serious  disease  met  with  amongst  the  porters  of 
the  Military  Labour  Bureau  in  the  early  days  of  the  East  African  Campaign, 
and  was  the  main  cause  of  death  and  invaliding  even  as  late  as  the  latter  six 
months  of  1916,  although  stringent  sanitary  measures  had  done  much  to 
diminish  its  incidence.  Apparently  at  first  it  was  thought  that  the  disease 
was  amoebic  in  type,  and  treatment  consisted  almost  entirely  in  the  adminis- 
tration of  emetine.  Dr  Pirie,  Government  Pathologist  at  Nairobi,  was  the 
first  to  point  out  that  this  idea  was  wrong,  and  in  the  first  eight  months  of 
1916,  he  conducted  a  series  of  bacteriological  examinations  of  the  stools  of 
56  cases  of  dysentery  and  showed  that  in  only  two  cases  were  amoebae  found 
while  dysentery-Hke  bacilH  were  actually  isolated  in  35-7  per  cent.,  the  main 
type  isolated  resembUng  B.  Shiga,  or  frequently  B.  Morgati'^. 

It  was  just  at  the  conclusion  of  Dr  Pirie's  work  in  June  1916,  that  the 
writer  took  over  charge  of  the  Carrier  Hospital  at  Nairobi.  From  that  time 
the  stools  of  every  patient  admitted  to  hospital  for  dysentery  or  diarrhoea, 
were  examined  by  the  writer  for  protozoa,  at  least  twice,  and  often  thrice, 
as  a  routine  practice,  and  it  was  soon  apparent  from  the  number  of  negative 
results  that  the  conclusions  of  Dr  Pirie  were  justified,  and  that  we  were 
dealing  with  an  outbreak  of  dysentery  of  the  bacillary  type  and  not  of  the 
amoebic  type.  This  was  also  borne  out  by  the  failure  of  emetine  in  the  treat- 
ment of  the  disease.  As  a  result  of  this  work  the  routine  administration  of 
emetine  ceased,  and  reHance  was  placed  mainly  on  saline  treatment,  though 
all  the  usually  recommended  lines  of  treatment  for  bacillary  dysentery  were 
tried  at  one  time  or  other.  Still  the  death  rate  did  not  improve  as  it  should 
have  done,  and  a  very  large  number  of  cases  became  more  or  less  chronic.  At 
last  it  occurred  to  the  writer  that  a  vaccine  based  on  the  results  of  Dr  Pirie's 
research  might  improve  matters,  and  Dr  Ross,  the  Director  of  Laboratories, 

^  A  preliminary  note  on  this  work  has  appeared  in  the  Erilish  Medical  Journal. 
*  Journ.  of  Hygiene,  xv.  No.  4. 
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B.E.A.,  and  Dr  Pirie  were  consulted  on  the  subject.  They  thou<<ht  that  the 
idea  was  worth  a  trial  and  agreed  to  prepare  the  vaccine.  The  main  difficulty 
lay  in  the  highly  toxic  nature  of  dysentery  vaccines  prepared  in  the  usual 
manner,  but  it  was  surmounted  by  Dr  Ross's  suggestion  to  sterilise  the 
proposed  vaccine  by  0-4  per  cent,  carbolic  acid  and  not  by  heat.  It  may  be 
as  well  to  state  here,  particularly  as  it  is  apparently  the  first  occasion  on  which 
a  dysentery  vaccine  sterilized  in  this  way  has  been  used  on  such  an  extensive 
scale,  that  the  result  was  most  satisfactory,  for  in  no  single  instance,  either  in 
the  prophylactic  inoculation  of  76,000  porters  with  the  vaccine  or  in  the 
therapeutic  inoculations  described  in  this  paper,  was  an  alarming  general 
or  even  local  reaction  seen. 

The  earhest  vaccine  tried  consisted  of  B.  Shiga  and  B.  Flexner  in  equal 
proportions,  and  as  it  was  uncertain  what  was  the  minimum  dose  that  pro- 
duced effects  and  what  was  the  maximum  dose  that  could  be  given  with 
safety,  an  initial  dose  of  5  million  was  tentatively  tried.  This  was  cautiously 
increased  as  the  vaccine  showed  its  value.  The  original  vaccine  was  brilliantly 
successful  in  certain  cases  and  just  as  distinct  a  failure  in  others,  although 
these  latter  were  also  of  the  bacillary  type.  It  was  therefore  concluded  that 
probably  the  failures  were  due  to  other  strains  of  dysentery  bacilli  causing 
the  disease  in  those  cases,  and  consequently  the  vaccine  was  made  more 
polyvalent,  and  finally  contained  eight  Strains,  namely  B.  Shiga  three  strains, 
B.  Flexner  two  strains,  B.  Morgan  three  strains.  This  was  the  vaccine  used 
in  the  cases  recorded  in  the  present  paper. 

Before  discussing  the  results  of  vaccine  therapy  in  bacillary  dysentery, 
it  seems  best  to  give  a  short  account  of  the  disease  as  seen  amongst  Africans, 
in  whom  it  appears  to  be  sUghtly  different  in  its  manifestations  and  course 
to  the  disease  amongst  Europeans. 

CAUSES. 

In  addition  to  the  usually  recognized  predisposing  cause  of  dysentery,  the 
following  factors  seem  to  play  an  important  part  in  the  origination  of  the 
disease  among  Africans. 

(1)  Change  of  Environment.  This  factor  was  particularly  noticeable  in 
those  recruits  who  arrived  in  Nairobi  from  the  region  around  Lake  Victoria 
Nyanza,  involving  a  train  journey  of  some  250  miles  over  a  water-shed  9000 
feet  high.  In  many  the  disease  showed  itself  during  the  actual  train  journey, 
in  others  it  only  appeared  after  a  residence  of  two  or  three  days  in  the  Carrier 
Depot  at  Nairobi.  Although  in  this  depot  there  were  recruits  from  the  districts 
of  Kikuyu  and  Akamba  as  well  as  these  Lake  people  the  incidence  of  the 
disease  was  distinctly  heavier  among  the  latter,  and  one  was  forced  to  conclude 
that  the  men  were  infected  before  arrival  in  Nairobi.  The  foregoing  conclusion 
received  support  from  the  fact  that  this  difference  in  incidence  still  obtained 
in  Mombasa,  to  reach  which  place  both  Nairobi  district  and  Lake  porters  had 
the  same  rail  journey.   This  therefore  raises  the  question  as  to  whether  Lake 
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tribes  are  dysentery  "carriers,"  tlio  change  in  environment  leading  to  an 
exacerbation  of  tlie  disease.  Tlie  writer  liopes  to  })e  able  to  throw  furtlier  light 
on  this  suggestion  in  a  later  |)a])er. 

(2)  i'lKituje  of  Did.  In  the  (^arly  stages  of  the  campaign  it  was  not  suffi- 
ciently realized  that  a  native  is  subject  to  the  same  laws  of  dietetics  as  an 
European,  and  that  in  his  home  an  immense  amount  of  labour  is  put  into  the 
preparation  and  thorough  cooking  of  his  meal  by  his  wife  or  wives.  When  this 
was  understood  and  a  well  cooked,  well  balanced  diet  provided  for  the  porter, 
an  immediate  lessening  of  intestinal  disorders  resulted.  The  African,  however, 
undoubtedly  possesses  intestines  ])eculiarly  liable  to  be  attacked  by  inflam- 
matory disease  caused  by  errors  in  diet,  resulting  in  diarrhoea  or  even 
dysentery. 

(3)  Helminthiasis.  This  is  extraordinarily  prevalent  and,  in  the  writer's 
opinion,  is  a  most  important  predisposing  cause  of  dysentery  (possibly  owing 
to  the  delicacy  of  the  African's  intestines  as  mentioned  above)  and  in  a  paper 
to  be  published  shortly  he  hopes  to  bring  forward  evidence  to  support  this 
statement.  It  is  sufficient  here  to  give  a  summary  of  the  helminth  infections 
among  the  cases  on  record  in  this  paper  as  obtained  from  the  results  of  the 
examinations  of  stools. 

Table  I. 

Helminth  Infections  iii  Dysentery  Patients. 


Class  of  case 
Effectives 
Invalids 


Total        Negative 

cases         , — -'■ ^ 

examined    No 


Number  of  species  of  Helminths  observed 

A 


One 


Two        Three        Four 


Five 


Total  of 

infected 

cases 


%     No.    %    No.    %    No.    %    No.    %    No.    %    No.    % 
473  42       9      204    43    140  29-5     70  15     15     3       2     0-5  431  91 

272  28     10      100    37      98  36        39  14       7     3      —    —    244  90 


Total 


745 


70       9-5  304   40    238  32-75  109  14-5  22    3      2     0-25  675  90-5 


In  contrast  to  this,  take  the  following  table  compiled  from  the  results  of 
autopsies  on  cases  not  suffering  from  dysentery. 


Class  of  case 
Effectives  | 
Invalids     j 


Table  II. 
Helminth  Infections  in  Non-Dyseyiteric  Patients. 


260 


Number  of  species  of  Helminths  observed 

A 


Total 
cases 
examined    No 


/o 


Total  of 
infected 
cases 
No     %    No.    %    No.    %    No.    %    No.    %    No.    % 


Negative        One         Two        Three        Four         Five 


80       31     124    48     49     19      7       2      —    — 


—    180    69 


Total 


260 


80       31     124    48     49     19      7 


180   69 
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PATHOLOGY. 

One  of  the  most  noticeable  features  about  Africans  suffering  from  dysentery 
is  the  rapid  emaciation  which  occurs  in  even  moderately  bad  cases.  Forty- 
eight  hours  seem  sufficient  to  reduce  a  patient  to  a  condition  of  skin  and  bone. 
It  is  a  matter  of  regret  that  no  actual  weight  statistics  are  available  to  illustrate 
this. 

Central  Nervous  System.  This  usually  shows  no  macroscopical  change.  In 
a  few  cases,  however,  congestion  of  the  meninges  is  distinct  and  the  cerebro- 
spinal fluid  is  increased  in  amount.  Possibly  this  may  be  associated  with  the 
acute  toxaemia  which  is  ahvays  present  in  these  cases. 

Respiratory  System.  The  lungs,  in  almost  all  cases,  show  signs  of  congestion 
and  oedema,  and  it  is  worthy  of  note  that  many  cases  of  dysentery  die  as  the 
result  of  a  terminal  pneumonia.  In  all  the  patients  in  which  pneumonia 
developed  in  this  series,  the  sputum  invariably  showed  typical  pneumococci 
only.  It  seems  probable  that  this  is  a  complication  of  dysentery  due  to  the 
lowered  resistance  of  the  patient  (especially  as  the  African  seems  to  be  extra- 
ordinarily susceptible  to  pneumococcal  infections),  and  not  one  of  the  mani- 
festations of  a  generalized  septicaemia. 

The  Circulatory  System  show^s  little  change  except  in  a  degeneration  of 
the  heart  muscle  which  starts  as  cloudy  swelling  and  in  some  instances  ends 
in  actual  fatty  degeneration  of  the  myocardium.  The  heart  in  most  cases  is 
somewhat  dilated  and  often  contains  an  antemortem  clot  on  the  right  side. 

The  Genito- Urinary  System  is  apparently  unaffected,  a  few  cadavers 
showed  congestion  of  the  kidney,  which  may  have  had  no  connection  with  the 
original  disease. 

The  Alimentary  System  shows  the  majority  of  the  lesions  in  this  disease. 
In  the  first  place  the  mouth,  in  very  bad  cases,  may  be  the  site  of  a  certain 
amount  of  ulceration,  and  in  an  appreciable  number  of  the  very  toxaemic 
patients,  this  developed  into  cancrum  oris,  a  condition  w^hich  usually  led  to 
the  rapid  appearance  of  the  man  in  the  mortuary.  This  lesion  seemed  in  the 
majority  of  cases  to  have  developed  in  the  gum  in  close  proximity  to  the  teeth, 
and  spread  from  there.  The  pus  from  these  cases  showed  only  the  usual 
pygogenic  cocci  and  some  bacilli,  both  Gram-positive  and  Gram-negative, 
but  with  the  means  at  our  disposal  they  could  not  be  identified. 

The  stomach,  as  a  rule,  was  normal  in  appearance,  but  in  a  few  isolated 
cases,  in  which  toxaemia  was  most  distinct,  ecchymoses  were  present  in  the 
mucous  membrane  and  in  the  serous  covering. 

The  small  intestines  presented  a  normal  appearance,  with  a  few  exceptions 
in  which  ecchymoses  were  seen  near  the  lower  ends  of  the  ileum,  and  occasion- 
ally slight  superficial  ulceration  was  present  in  the  same  area.  Peyer's  patches 
were  not  enlarged.  The  lymphatic  glands  in  the  mesentery  were  usually 
enlarged  and  sometimes  show^ed  small  haemorrhages  in  their  substance,  but 
no  organisms  could  be  isolated  from  them. 
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The  lariTO  intoatino  was  the  silc  ol  \\\r  most  cxtc.nsivo  and  characteristic 
lesions.  As  a  vuW  tliose  were;  coiilincd  to  th(3  si/^nioid  and  desccndin*^  colon, 
but  were  also  found  in  seven  cases  in  the  ascondinir  colon  and  caecum.  No 
lesion  of  the  appendix  was  ever  observed. 

The  lesions  were  divisible  into  three  main  types: 

Type  (1).  This  was  evidently  an  early  form  and  was  seen  in  cases  which 
succumbed  to  toxaemia  in  the  very  early  days  of  the  disease,  or  in  cases  which 
were  suffering  from  some  other  ailment  and  in  which  dysentery  had  developed 
in  the  later  stapes  of  that  illness.  The  sigmoid  colon  and  descending  colon 
showed  a  dark  red  velvety  surface,  the  mucous  membrane  being  slightly 
thickened,  and  here  and  there  small  petechial  haemorrhages.  The  surface 
of  the  mucous  membrane  was  covered  with  a  layer  of  mucus,  more  or  less 
faecal-stained.  The  blood  vessels  running  to  the  affected  portion  of  the  large 
intestine  were  engorged  as  a  rule  and  the  veins  in  the  actual  walls  of  the  in- 
testine were  in  a  condition  of  venous  congestion.  No  signs  of  ulceration  were 
present,  nor  were  there  any  raised  yellow  nodules  on  the  surface  of  the  intestine 
suggestive  of  an  amoebic  origin  of  the  disease.  Sections  of  the  intestine  showed 
engorgement  of  the  mucous  cells  of  the  glands  of  the  large  intestine,  and  a 
diapedesis  of  polymorpho-nuclear  leucocytes  into  the  submucous  layer.  In 
three  cases  a  similar  appearance  was  seen  in  the  caecum  and  ascending  colon, 
either  as  a  concomitant  of  the  disease  in  the  descending  colon,  or  as  a  solitary 
lesion. 

Type  (2).  The  second  stage  was  evidently  only  an  extension  of  the  first. 
The  lesions  w^ere  found  in  the  same  portions  of  the  intestines,  but  as  a  rule 
occupying  a  more  extended  area.  The  surface  of  the  intestine  was  covered 
with  a  yellowish  or  dark  brown  slough,  either  continuously  in  the  very  worst 
cases,  or  in  patches  of  varying  size.  On  removal  of  this  slough,  an  ulcer  was 
left  beneath,  which,  as  a  rule,  presented  an  appearance  of  only  affecting  the 
mucous  membrane  and  the  submucous  coat.  The  edges  were  irregular  in 
outline,  and  perpendicular  more  or  less  to  the  floor,  w^hich  was  sometimes 
rough  and  sloughy,  but  usually  smooth  and  formed  of  the  muscular  tissue  of 
the  intestinal  wall.  In  bad  cases  the  ulceration  occasionally  extended  down  to 
the  surface  of  the  serous  membrane,  but  in  none  of  the  cases  which  died,  amongst 
the  ones  recorded  in  this  paper,  was  perforation  seen.  A  section  of  the  intestine 
show^ed,  in  the  ulcerated  area,  the  usual  appearance  of  coagulation  necrosis 
at  the  edge  of  the  ulcers,  and  outside  this  area  the  appearance  seen  in  the 
first  stage  of  the  disease  described  above. 

Type  (3).  The  third  stage  w^as  only  seen  in  chronic  cases  which  had  re- 
sponded to  treatment  at  first,  inasmuch  as  the  acute  signs  of  dysentery 
ceased,  but  which  had  developed  into  a  condition  of  chronic  diarrhoea  with 
emaciation.  The  appearances  presented  varied  enormously.  The  areas  of 
the  intestine  affected  corresponded  to  those  in  the  first  and  second  stages. 
In  these  cases  the  large  intestine  was  full  of  a  light-coloured  yellowish  fluid 
containinir  nodules  of  solid  faecal  material.   Verv  little  mucus  was  noticeable 
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on  the  surface  of  the  intestine.  In  some  cases  ulceration  of  the  intestine  was 
still  present,  but  the  ulcers  were  clean  with  puckered,  thickened  edges,  and 
apparently  in  a  state  where  an  attempt  at  healing  was  taking  place.  The 
ulcerated  areas  were,  as  a  rule,  small  compared  to  those  in  stage  2.  The 
intervening  mucous  membrane  showed  scarred  areas  of  fibrous  tissue,  evidently 
the  site  of  former  ulceration,  and  much  thickening  of  the  remaining  unaffected 
surface.  This  latter  portion  showed  a  velvety  appearance  with  marked  rugae. 
Sections  through  the  ulcers  showed  regeneration  changes  in  the  edges,  but, 
as  a  rule,  little  or  none  in  the  floor  of  the  ulcer  which  was  practically  always 
formed  of  the  muscular  coat. 

In  other  cases  no  actual  ulceration  was  present,  but  large  areas  of  the 
large  intestine  showed  a  smooth  glazed  surface  which  were  the  sites  of  former 
ulcers,  and  between  these,  thickened  rugose  mucous  membrane  with  markedly 
velvety  appearance.  In  these  cases  death  was  apparently  due  to  loss  of  fluid 
owing  to  a  large  portion  of  the  large  intestine  having  been  thrown  out  of 
operation  as  an  absorbing  area. 

The  liver  in  acute  cases  was  enlarged  and  engorged.  No  abscess  was  seen 
in  it,  except  in  one  case  which  was  suffering  from  Schistosomum  mansoni, 
and  a  scraping  of  the  walls  of  the  abscess  showed  the  eggs  of  this  helminth, 
but  no  amoebae. 

The  spleen  in  acute  cases  was  enlarged  and  soft.  In  chronic  cases  it  was 
also  usually  enlarged,  but  whether  this  was  due  to  dysentery  or  to  chronic 
malaria,  it  would  be  difficult  to  say. 

The  other  organs  in  the  alimentary  system  were  normal. 

SYIVIPTOMS. 

In  an  African  native  the  symptoms  usually  associated  with  dysentery  are 
not  so  distinct  as  in  the  case  of  Europeans,  either  from  the  native  dislike  of 
hospital  treatment,  or  from  the  undoubted  fact  that,  taken  as  a  whole,  he  is 
less  sensible  to  pain.  The  writer  personally  has  seen  cases  which  have  gone 
out  to  duty  involving  hard  manual  labour  while  suffering  with  severe  dysentery 
of  several  days  standing,  and  which,  on  being  called  out  as  suspected  cases, 
have  indignantly  denied  being  ill.  The  consequence  of  this  is  that,  in  a  large 
proportion  of  cases,  men  have  not  come  for  treatment  till  the  disease  is  well 
advanced,  and  a  toxaemic  condition  already  manifest.  Dysentery  is  not  usually 
a  disease  simulated  by  the  malingerer,  owing  to  the  native's  dislike  of  light  diet. 
As  a  rule  the  patient  only  complains  of  passing  blood  in  the  stools,  and 
diarrhoea.  On  further  questioning  he  may  confess  to  having  a  certain  amount 
of  pain  in  the  stomach  and  straining  at  stool.  Headache  and  fever  are  also 
complained  of  in  a  small  proportion  of  cases. 
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As  lias  \)cvu  noted  above,  the  pati(uit  often  shows  sij^ns  of  the  onset  of 
toxaenna  in  wastinj^s  lethar<;y,  and  ^^M^ieral  weakness.  The  rapidity  with 
wliich  a  native  wastes  as  the  result  of  disease,  particidarly  abdominal  disease, 
is  remarkable,  and  is  only  equalled  by  the  rapidity  with  which  he  puts  on 
flesh  once  a  cure  is  e fleeted  and  good  diet  instituted. 

The  temperature  varies  considerably.  Some  cases  never  show  any  rise  of 
temperature  from  the  beginning  to  the  close  of  the  illness,  others  show  an 
intermittent  temperature  running  up  to  101°  F.  throughout  the  whole  course 
of  the  disease,  the  majority  show  an  initial  rise  of  temperature  from  100'  F. 
to  102°  F.,  which,  with  remissions,  lasts  for  two  to  three  days.  A  subnormal 
temperature  is  usually  noticeable  before  death. 

The  pulse  and  respiration  rates  closely  follow  the  temperature,  but  as  a 
rule  are  slightly  more  rapid  than  normal  during  apyrexia,  rising  to  about 
80  and  30  respectively. 

The  tongue  is  covered  with  a  brownish  white  fur,  but  in  cases  showing 
distinct  toxaemia,  it  becomes  shrunken,  covered  with  brown  fur,  and  is 
moved  with  difliculty.  The  teeth  and  lips  in  this  toxaemic  stage  are  covered 
w^ith  sordes. 

The  abdomen  as  a  rule  presents  no  abnormal  appearance,  though  if  the 
disease  has  been  in  existence  some  days,  it  may  be  sunken.  On  palpation, 
a  tender  area  in  the  left  iliac  fossa  is  discernible.  The  area  of  tenderness  varies 
in  extent  with  the  severity  of  the  disease,  but  is  usually  most  marked  in  the 
region  of  the  sigmoid  colon,  and  diminishes  as  one  palpates  along  the  length 
of  the  descending  colon  to  the  splenic  flexure.  In  very  bad  cases,  the  colon  may 
be  tender  and  thickened  along  its  whole  length. 

The  stool  varies  greatly  in  appearance.  The  amount  of  blood  may  be 
almost  infinitesimal,  and  in  some  cases  requires  a  microscope  for  its  detection, 
or  it  may  constitute  the  major  portion  of  the  evacuation.  Mucus  is  always 
found  if  searched  for,  and  usually  in  fairly  large  quantities.  It  is  not  mixed 
intimately  with  the  blood,  the  latter  forming  streaks  on  its  surface.  The  actual 
faecal  content  of  the  stool  in  the  early  stages  of  the  disease  is  small,  but 
increases  wdth  the  administration  of  purgatives.  It  is  rarely  normal  in  colour, 
being  either  paler  than  usual  and  even  in  some  cases  quite  w^hite,  or  else  green. 
In  either  case  the  smell  indicates  an  increase  in  intestinal  fermentation  gases. 
In  the  very  early  stages  of  the  disease  the  stool  may  be  quite  formed,  the 
mucus  and  blood  forming  a  coating  for  more  or  less  scybalous  masses,  but  this 
rapidly  disappears,  and  diarrhoea  becomes  a  constant  feature.  It  is  very 
noticeable  that  the  number  of  stools  rarely  exceeds  20  a  day  and  is  usually 
not  more  than  10  to  15. 

The  liver  nearly  ahvays  shows  an  increase  in  size,  to  about  a  finger's 
breadth  below  the  costal  margin,  and  may  be  slightly  tender  to  the  touch. 
The  spleen  is  rarely  affected. 
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The  respiratory  system  shows  no  physical  sign,  unless  death  is  supervening, 
when  indications  of  hypostatic  congestion  are  found,  and  in  certain  cases  a 
terminal  lobar  pneumonia  may  end  the  scene. 

The  genito-urinary  system  is  not  as  a  rule  afiected.  The  urine  is  usually 
highly  acid,  may  be  small  in  quantity  and  consequently  highly  coloured. 
Although  it  was  never  actually  determined,  the  writer  is  inclined  to  believe 
that  the  colouring  matter  is  actually  increased  and  not  relatively  so  as  the 
result  of  concentration. 

The  blood  shows  a  slight  decrease  in  the  content  of  red  blood  corpuscles, 
and  a  slight  polymorphonuclear  leucocytosis. 

In  cases  in  which  toxaemia  is  marked,  the  face  becomes  sunken,  the  lips 
and  teeth  covered  with  sordes,  the  tongue  covered  with  brown  fur,  the  abdo- 
men boat-shaped,  the  patient  restless  and  semi-conscious  or  dehrious.  Hic- 
cough then  starts,  and  is  nearly  always  a  sign  that  death  is  near.  In  only  a  few 
cases  when  hiccough  once  sets  in,  has  recovery  occurred.  In  certain  patients, 
hiccough  was  the  first  symptom  of  the  onset  of  toxaemia. 

The  circulatory  system  does  not,  as  a  rule,  show  any  change.  In  a  few 
cases  when  the  disease  had  lasted  some  considerable  time,  or  toxaemia  was 
well  marked,  haemic  murmurs  appeared,  but  very  little  dilatation  of  the 
heart  was  observable  antemortem. 

COMPLICATIONS. 

(1)  Cancrum  Oris.  This  occurred  in  a  few  cases  in  which  the  dysentery 
had  lasted  for  some  time,  and  the  patient  was  in  a  state  of  chronic  toxaemia. 

(2)  Perforation.   No  case  of  perforation  was  ever  seen. 

(3)  Peritonitis.    No  case  with  peritonitis  occurred  among  these  cases. 

(4)  Toxaemia.  This  is  a  very  frequent  complication  of  bacillary  dysentery. 
Owing  to  the  pressure  of  routine  work,  it  was  impossible  to  estimate  the 
acidity  of  the  blood  in  these  cases,  but  it  seems  probable  that  an  acidosis  was 
responsible  for  these  symptoms.  It  is  hoped  in  a  later  paper  to  elucidate  this 
point.  At  least  it  can  be  recorded  here  that  alkaline  treatment  gave  promise 
of  better  results  than  any  other  in  combating  this  complication. 

(5)  Tissue  Desiccation.  This  is  a  frequent  cause  of  death  in  bacillary 
dysentery,  the  constant  loss  of  fluid  by  the  bowel  causing  a  corresponding  loss 
of  water  by  the  body  cells.  Although  everything  was  done  to  increase  the 
quantity  of  fluid  taken  by  the  patient,  it  was  difficult  to  overcome  the  African's 
rooted  idea  that  the  drinking  of  water  leads  to  increased  diarrhoea.  Objections 
were  even  raised  by  the  natives  to  fluid  diet  on  this  score.  Recourse  to  sub- 
cutaneous saline  infusion  was  consequently  often  necessary. 

(6)  Post-Dysenteric  Diarrhoea.  Frequently  after  all  signs  of  dysentery 
have  ceased,  an  intractable  diarrhoea  persists,  often  accompanied  by  marked 
toxaemia  and  wasting.  The  most  probable  explanation  seems  to  be  that  a 
secondary  infection  of  the  ulcers  in  the  large  intestine  with  B.  coli  communis 
or  other  intestinal  organisms  takes  place. 
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TRKATMIONT. 

I'rat'ticallv  every  rcconiineiuled  method  of  1  i(;al  nieiit  was  tiied  diirln;^  the 
time  the  writer  was  in  ('har<jje  of  the  hospital.  Before  his  advent,  emetine 
was  jriven  to  all  cases  witli  any  symptoms  of  dysentery,  and  as  far  as  could  [jc; 
seen  from  clinical  records,  without  success  of  any  sort.  Tlie  routine  dose  was 
one  strain  liypodermi(;ally  once  daily  for  seven  to  ten  doses.  Inasmuch  as 
thi^  clinical  benefits  were  negative,  and  no  evidence  of  amoebic  infection  was 
found  microscopically  or  postmortem,  the  administration  of  emetine  was 
stopped,  except  in  cases  in  which  amoebae  were  found  by  microscopic  exam- 
ination. 

Small  doses  of  calomel  namely  half  a  grain  every  hour  for  eight  hours  daily 
for  three  days,  was  a  form  of  drug  treatment  largely  used  in  the  earlier  cases 
of  this  series.  Theoretically  the  idea  of  stimulating  the  secretion  of  bile  seems 
to  be  an  excellent  one,  inasmuch,  as  has  been  mentioned  above,  the  biliary 
function  of  the  liver  seems  disorganized  in  bacillary  dysentery,  as  shown  by 
the  green  or  light  coloured  stools  so  frequently  seen.  Practically  it  was  found 
that  this  treatment  was  too  drastic  for  the  majority  of  the  patients  suffering 
from  this  disease  and  eventually  it  was  abandoned. 

The  sulphates  of  magnesium  and  sodium  were  next  tried,  and  it  was  found 
that  better  results  were  secured  by  the  former  salt.  Although  it  is  said  to 
exercise  a  specific  effect  in  bacillary  dysentery,  this  was  found  not  to  be  the 
case,  as  alone  without  vaccine  treatment,  it  had  hardly  any  perceptible  effect 
on  the  course  of  the  disease.  Combined  with  vaccine  treatment,  it  was  however 
excellent,  and  consequently  it  remained  the  main  drug  in  the  oral  treatment 
of  the  disease.  It  may  be  remarked  here  that  it  seems  strange  that  sodium 
sulphate,  which  is  believed  to  act  more  strongly  on  the  biliary  secretion  than 
magnesium  sulphate,  should  have  a  weaker  therapeutic  action  than  the  latter, 
but  such  is  the  practical  experience  in  this  series  of  cases.  Other  drugs  tried 
for  oral  treatment  were  mistura  chlorinata  consisting  of  potassium  chlorate 
2J  grains,  acid  hydrochloric  pure  3|  minims,  quinine  hydrochloride  3  grains, 
syrup  of  lemon  40  minims,  water  to  1  ounce,  given  every  four  hours,  this  being 
without  any  appreciable  effect  on  the  disease,  and  castor  oil  in  4  drachm  doses 
thrice  daily  also  with  results  distinctly  inferior  to  those  of  magnesium  sulphate. 

In  addition  to  these  medicines,  the  object  of  which  was  either  to  wash  out 
the  toxins  from  the  bowel  or  to  inhibit  bacterial  development  in  the  intestines, 
other  drugs  were  used.  Thus,  as  a  result  of  the  discovery  of  the  vast  number  of 
dysentery  patients  suiTering  from  worms  (one  patient  passed  a  Taenia  saginata 
which  was  rolled  into  a  ball  the  size  of  a  football,  took  20  minutes  to  pass,  and 
when  laid  out  was  250  feet  long  and  only  one  head  was  found  in  the  whole 
mass;  another  passed  80  Ascaris  lumhricoides ,  30  on  the  first  day  and  50  on 
the  second),  anti-helminthics  were  always  administered  directly  a  patient 
entered  hospital,  and  repeated  at  intervals  till  microscopic  examination  showed 
that  the  stools  were  negative.    Of  the  anti-helminthics,  thymol  was  found  to 
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be  the  best,  given  in  three  doses  of  30  grains  at  intervals  of  2  hours  on  an 
empty  stomach,  foUovved  by  a  dose  of  magnesium  sulphate.  Of  the  others, 
beta-naphthol  was  found  the  second  best,  while  santonin  proved  the  most 
effective  in  the  treatment  of  ascariasis.  Thymol  was  equally  effective  with 
tapeworms  as  with  ankylostomes,  surpassing  Felix  mas  in  the  elimination  of 
tlie  former  infection. 

At  a  late  stage  of  this  series,  the  writer's  attention  was  drawn  to  a  note 
in  the  British  Medical  Journal  relating  to  the  use  of  Tinctura  Rhei  Composita 
in-  post-dysenteric  diarrhoea.  This  drug  was  tried  in  three  cases,  and  found  so 
efficient  in  4  drachm  doses  repeated  at  intervals  of  four  days  when  necessary, 
tliat  it  became  a  routine  treatment,  and  in  at  least  two  cases  of  children 
suffering  from  dysentery,  it  was  found  to  effort  a  cure  quite  apart  from  other 
treatment. 

As  mechanical  methods  for  cleaning  the  inflamed  bowel  and  diminishing 
toxin  absorption,  rectal  irrigations  of  sodium  carbonate,  potassium  per- 
manganate, tannic  acid,  silver  nitrate,  and  protargol  were  all  tried  in  succession, 
but  it  must  be  confessed  without  any  improvement  in  the  case.  It  seems 
probable  that  the  injection,  inasmuch  as  it  could  only  be  given  by  native 
orderhes,  failed  to  reach  the  inflamed  portion  of  the  bowel,  and  was  so  disliked 
by  the  African  that  the  mental  depression  it  produced  probably  more  than 
counteracted  any  good  done  by  the  actual  irrigation. 

As  regards  complications  tissue  desiccation  was  met  by  enforcing  the 
taking  of  fluid  by  mouth,  and  when  this  was  not  enough,  by  subcutaneous 
saUne  infusions.  In  the  later  cases  of  the  series,  when  the  condition  of  the 
patients  was  extremely  critical  even  when  admitted,  the  latter  treatment  was 
called  for  from  the  first,  and  in  many  cases  undoubtedly  saved  the  patient's 
life.  In  the  light  of  later  knowledge,  however,  the  writer  would  use  an  isotonic 
solution  of  sodium  bicarbonate,  and  would  be  tempted  to  try  Professor  Bayliss's 
6  per  cent,  gum  arabic  in  this  solution.  The  infusion  acts  partly  by  replacing 
lost  tissue  fluid,  partly  by  raising  the  blood  pressure  and  partly  by  diluting 
the  toxins  in  the  blood. 

Toxaemia  was  combated  by  the  administration  of  potassium  bicarbonate 
in  30  gr.  doses  four  times  daily,  and  when  the  potassium  salt  was  not  available, 
that  of  sodium.  This  was  based  on  a  supposition  yet  unproved  that  the  tox- 
aemia was  due  to  acidosis.  Certainly  in  some  cases  it  did  good,  and  was  one 
of  the  most  effective  drugs  in  reUeving  hiccough,  which  again  was  probably 
only  a  result  of  acidosis.  As  a  further  attempt  to  diminish  the  absorption  of 
toxins  from  the  bowel,  caecostomy  was  performed  in  two  cases  and  continuous 
saline  irrigation  instituted.  Unfortunately  though  both  cases  survived  the 
actual  operation,  it  was  apparently  performed  at  too  late  a  stage  of  the 
disease,  and  both  succumbed  to  toxaemia.  The  main  difficulty  in  this  treat- 
ment seems  to  be  to  select  cases  late  enough  to  justify  the  performance  of  the 
operation,  yet  early  enough  to  give  the  patient  a  reasonable  hope  of  recovery. 
Still  it  seems  better  to  operate  too  early  than  too  late. 
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For  liiccouoli,  poljissiiim  hioiiiidr  in  10  <ii-.  doses  tliricu;  daily,  and  a 
mustard  ])lastor  on  tlic  cpi<^ast  rinin  seemed  to  be  the  most  effective  measures 
of  treatment.  Tinctuni  iodi  in  one  minim  doses  in  \vMf<'r  cvcrv  hour  foi-  six 
liours  was  veiy  useful  in  certain  ohstinalc-  cases. 

C^mcrum  Oris  was  always  fatal  ujitil  it  was  treatcMl  by  a  potassium  cidorate 
garble  combined  with  the  internal  administration  of  15  jjr.  of  potassium  chlorate 
thrice  daily.    Under  t  liis  ( rent  ment  about  50  per  cent,  of  the  cases  recovered. 

Post-dysenteric  diarrhoea  was  treated  with  considerable  success  by  giving 
a  vaccine  of  li.  coli  coinmunis  (2000  million  per  c.c.)  in  doses  of  \  c.c,  1  c.c, 
and  2  c.c.  at  intervals  of  three  days,  Tinctura  Rhei  Composita  in  1  drachm 
doses  at  intervals  of  foui'  days  was  also  useful  in  certain  cases. 

DIET. 

Copies  of  two  of  the  latest  hospital  dietaries  are  attached.  In  these 
dietaries  Diet  B  combines  the  Fluid  Diet  and  Semi-solid  Diet  of  the  dietary 
in  force  when  the  cases  referred  to  in  this  paper  were  in  hospital. 

Diet  I. 


DIET  . 

A 

DIET 

B 

(Green  Ticket) 

Hour 

(Yellow  Ticket) 

Milk 

Brandy 
Sugar 

8  oz. 

2  a.m. 

4  a.m. 

5  a.m. 

Milk 
Sugar 

Milk 
Sugar 

10  oz. 
1    „ 

10  oz. 

1    „ 

Tea 

Sugar 

Milk 

1  pint 
1  oz. 
4   „ 

G  a.m. 

Tea 

Sugar 
Milk 

1  pint 
1  oz. 

9 

Arrowroot 

Milk 

Sugar 

4  oz. 

8  a.m. 

Matama  uji 

()  oz. 

Milk 
Brandy 

4  oz. 
1 

10  a.m. 

Milk 

Sugar 

4  oz. 

Soup 
Bread 

1  pint 
4  oz. 

12  noon 

Rice  jelly 
Milk 

8  oz. 
4    „ 

Milk 
Brandy 

4  oz. 

J. 

2  p.m. 

Tea 

Suear 

Milk 

1  pint 
1  oz. 
4    „ 

4  p.m. 

Tea 

Sugar 

Milk 

1  pint 
1  oz. 
•> 

Arrowroot 

Milk 

Sugar 

Milk 

Brandy 

Sugar 

4  oz. 
2 

8  oz. 

5  p.m. 

()  p.m. 

8  p.m. 

10  p.m. 

12  midnight 

Matama  uji 

Milk 
Sugar 

()  oz. 

10  oz. 
1    ,. 

Uji  is  a  thin  gi 

ruel. 

Ugali  is  a  very 

thick  porridge. 

Cooking  instructions 

Milk.  All  milk  must  be 
boiled  and  served  to 
the  patients  warm. 

Arrowroot.  This  must  be 
boiled  with  milk  and 
sugar  for  half  an  hour. 

Matama  Uji.  This  must 
beboiledfortwohours, 
forming  a  thin  gruel. 

Rice  Jelly.  The  rice 
must  be  cooked  for  at 
least  three  hours,  or 
longer  if  the  rice  has 
not  reached  the  stage 
of  jellification. 
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Diet 
per  mail 


Tea 

Suiiar 


Matama 
Rice 


'1  oz. 


6  oz. 


Diet  I  (cont.). 

DIET  C.    Full  (White  Ticket). 

Monday,  Wednesday,  Friday,  and  Sunday 

C'ookinj;  j)ots 
per  500  men 

'■i  of  25  "als. 


Houi- 

2  a.m. 

3  a.m. 


Cooking  instructions 


Boil  water. 


2  of  2.")  K'ds. 


4  a.m. 


1  pint       I  of  100  gals.        5.30  a.m. 


2  of  25  gals. 

(matama) 
5  of  5  gals. 

(rice) 


0  a.m. 


1  of  25  gals. 

(meat) 
1  of  25  gals. 

(bones) 


8  a.m. 


9  a.m. 


2  of  25  gals. 


10  a.m. 


10.30  a.m. 


Bananas 

A  lb.  ^ 

11.30  a.  m 

Mealies 

Beans 

\  -       ^ 

2  of  25  gals. 

Meat 

h   .. 

12  noon 

Soup 

1  pint 

Sweet  potatoes  3  lb. 


3  p.m. 


o  p.m. 


l*ut  in  crushed  mealies  12  oz.  })er  man  and 

1  lb.  salt  per  25  gallon  pot.    Boil  fiercely 
till  10  a.m. 

Put  4  oz.  beans  per  man  and  f  lb.  salt  per 
25  gallon  pot  into  cold  water,  bring  to  boil 
and  boil  hard  till  11  a.m. 

Boil  water,  make  tea  1  pint  per  man  with 

2  oz.  sugar  per  man.   Serve  at  6  a.m. 

Put  ()  oz.  matama  Hour  per  man  into  some 
l)oiling  water  without  salt  and  boil  till 
8  a.m.  making  uji. 

Put  2  oz.  per  man  of  rice  into  cold  water  with 
1  oz.  salt  per  5  gallon  dixie  and  boil  till 
7.30  a.m.,  then  evaporate  off  water  over 
slow  fire. 

Serve  matama  uji  with  rice. 

Put  meat  i  lb.  per  man  with  1  lb.  salt  per 
25  gallon  pot  into  some  boiling  water. 

Put  bones  from  this  meat  into  cold  water 
and  boil  up. 

Boil  meat  and  bones  till  12  noon,  mix  souj) 
from  each,  and  give  1  pint  per  man. 

Pour  off  water  from  crushed  mealies,  transfer 
latter  to  small  dixies,  evaporate  off  re- 
maining water  over  slow  fire. 

Put  pealed  bananas  \  lb.  per  man  with  A  lb. 
salt  per  25  gallon  pot  into  boiling  water, 
boil  till  11.30  a.m.,  pour  off  water  and  beat 
bananas  into  a  mash. 

Pour  off  water  from  beans,  put  latter  in 
small  dixies  over  a  slow  fire  to  evaporate 
off  rest  of  water. 

INlix  beans,  crushed  mealies  and  banana  mash 
into  a  thick  paste  and  serve  with  meat  and 
soup. 

Put  washed  unpeeled  sweet  potatoes  3  lb. 
per  man  without  salt  into  cold  water,  boil 
till  4.30  p.m.,  then  pour  off  water  and  steam 
over  a  slow  fire. 

Serve  sweet  potatoes. 


AUernativzs. 

1.  Matama  ffour,  mwele  flour,  wimbe  flour  and  mohogo  meal  are  all  interchangeable  when 
made  into  uji. 

2.  Crushed  mealies  can  be  replaced  by  mealie  meal  ugali.    For  this  mealie  meal  need  only 
be  boiled  for  five  hours  but  should  be  treated  exactly  the  same  as  crushed  mealies  otherwise. 

3.  Sweet  potatoes  may  be  replaced  by  ordinary  potatoes  2  lb. 
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pel'  mail 

( 'ookiiiL'  |«)(s 
per  .'>()()  men 

lloiir 

Sii.uar 

1  pint  1 

-   OZ.      ) 

1   (.f   10(1  -ills. 

'2  of  2")  ^als. 
(niataina) 
")  of  5  yals. 
(rice) 

.").:{()  a. Ml 

Matama  uji    0  o/,.  ) 
Rice  2    „    J 


2  of  25  gals.  S  a.m. 


1  of  25  2als. 


1  of  25  gals. 

(meat) 
1  of  25  gals. 

(bones) 


Rice 

12  oz. 

Ghee 

^    .. 

Meat 

Ub. 

Soup 

1  pint 

Bananas 

lib. 

) 

Mealies 

6  oz. 

Beans 

2  oz. 

8.30  a.Tn. 


9  a.m. 


DiKT    I     (ro///.). 

DIK'I'  ('.     Full   (While  Ti-k.-l). 

Tiicsdaw  'rimrsdav  and  Satiirda\' 


Cookiii'.'  iiisf  I  iiftionH 

I'oil  water,  make  tea  I  j)irit  per  man  uitli 
2  ()/.  sugar  per  man.    .Seiv(^  at  f>  a.tn. 

I*ut  0  oz.  matama  flour  pei  man  in  some 
l)oiling  wat(M'  without  salt  and  boil  till 
8  a.m.  making  uji. 

I'ut  2  oz.  of  rice  per  man  in  cold  water  willi 
I  oz.  of  salt  per  5  gallon  dixie  and  boil  till 
7.l}()  a.m..  then  evajiorate  off  water  o\cr- 
slow  fire. 

Serve  matama  uji  with  tlie  riee. 

I*ut  crushed  nu^alies  6  oz.  per  man  in  })oiling 
water  with  I  lb.  salt  jier  25  gallon  pot. 
Boil  hard  till  .'{  ]).m. 

I'ut  2  oz.  beans  per  man  and  ^  lb.  salt  per 
25  gallon  pot  into  cold  water,  bring  to  boil 
and  boil  hard  till  4  p.m. 

Put  meat  l  lb.  per  man  with  I  lb.  salt  per 
25  gallon  pot  into  boiling  water. 

I'ut  bones  from  this  meat  into  cold  water 
and  boil  up. 

Boil  meat  and  bones  till  12  noon,  mix  soup 
from  each  and  give  I  pint  per  man. 

Put  rice  12  oz.  per  man  into  boiling  water  in 
dixies.  Boil  and  stir  well  till  11.30  a.m. 
Add  1  oz.  salt  per  dixie  and  i  oz.  ghee  per 
man  at  10.30  a.m. 

Put  rice  over  small  fire  to  evaporate  off  water. 

Serve  rice,  meat  and  soup. 

Pour  off  water  from  crushed  mealies,  transfer 
latter  to  small  dixies  and  evaporate  off 
remaining  water  over  slow  fire. 

Put  peeled  bananas  ^  lb.  per  man  with  \  lb. 
salt  per  25  gallon  pot  into  boiling  water, 
boil  till  4.30  p.m.,  pour  off  water  and  beat 
into  mash. 

Pour  off  water  from  beans,  put  latter  into 
dixies  over  a  slow  fire  to  evaporate  off 
remaining  water. 

4.30  p.m.       Mix  beans,  crushed  mealies  and  banana  mash 
into  a  thick  paste. 


22  of  5  gals.        10  a.m. 
(dixies) 

11.30  a.m. 
12  noon 

3  p.m. 

1  of  25  gals.  3.30  p.m. 

4  p.m. 


5  p.m. 


Serve  the  mixed  beans  and  mealies. 


Alternatives. 

1.  Matama  flour,  mwele  flour,  wimbe  flour  and  mohogo  meal  are  all  interchangeable  when 
made  into  uji. 

2.  Crushed  mealies  can  be  replaced  by  mcalie  meal  ugaii.    I'oi-  this  nu'alie  meal  need  only 
be  boiled  for  five  hours  but  should  be  treated  exactlv  the  same  as  crushed  mealies  otherwise. 
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BaciUa  1 7/  Dune  11  tenj 


Diet  II. 


DIET  A 


DIET  B 


(Oreen  T 

'icket) 

Hour 

(Yellow  Tick 

Milk 

Brandy 

Sugar 

8  oz. 

2  a.m. 

Milk 
Sugar 

Milk 

Brandy 

Sugar 

8  oz. 

I 

2    >» 
1 
•2    »» 

4  a.m. 

Milk 
Brandy 

Sugar 

8  oz. 
1 

.')  a.m. 

Milk 
Sugar 

Tea 

Sugar 
Milk 

1  pint 
1  oz. 
4    „ 

()  a.m. 

Tea 

Sugar 

Milk 

Arrowroot 

Milk 

Sugar 

4  oz. 
•> 

8  a.m. 

Mealie  meal  uji 
Sugar 

Milk 
Brandy 

4  oz. 
1 

2    " 

10  a.m. 

Milk 

Sugar 

Soup 
Bread 

1  pint 
4  oz. 

12  noon 

Milk 
Rice  jelly 

Milk 
Brandy 

4  oz. 

2  p.m. 

Tea 

Sugar 

Milk 

1  pint 
1  oz. 
4    „ 

4  p.m. 

Tea 

Sugar 

Milk 

Arrowroot 
Milk 

4  oz. 

—         5> 

5  p.m. 

Mealie  meal  uji 
Sugar 

Milk 

Brandy 

Sugar 

8  oz. 

()  p.m. 

Milk 

Brandy 

Sugar 

8  oz. 

8  p.m. 

Milk 

Brandy 

Sugar 

8  oz. 

1 
2    j> 

10  p.m. 

Milk 
Sugar 

Milk 
Brandy 

Sugar 

8  oz. 

12  midnight 

Uji  is  a  thin  gruel. 

Ugali  is  a  \evy  thick  porridge. 


't)  Cooking  instructions 

10  oz.  All  milk  must  be  boiled 


1 


10  oz. 
1    ,. 


and     served     to     the 
})aticnt  warm. 

Arrowroot.  "^Fhis  must  be 
boiled  with  milk  and 
sugar  for  half  an  hour. 
4  ounces  making 
2  pints. 


1  pint  Mealie   vieal   iiji.     This 

1  oz.        must    be    boiled    for 

2  ,,        two  hours  forming  a 
(5  ^y^        thin  gruel. 

I    „ 

4  oz.  Rice  Jelhj.  The  rice  must 
h  ,,  he  cooked  for  at  least 
^  ^J2  three  hours  or  longer 
g      '       if    the    rice    has     not 

reached    the   stage    of 

jellification. 

1  pint 
1   oz. 
-^    >> 

0  oz. 

1  » 


10  oz. 
1    „ 


DIET  C.    (White  Ticket.) 


Diet 
per  man 

Tea  1  pint 

Sugar  2  oz. 

Milk  1    „ 


Cooking  pots 
per  500  men 

1  of  100  gals. 


2  of  25  gals, 
(mealie  meal  uji) 

5  dixies  rice 
(5  gals.) 


Hour  Cooking  instructions 

5.30  a.m.  Boil  water,  make  tea  1  pint  per  man  with 
2  oz.  sugar  per  man.  Serve  at  6  a.m.  with 
1  oz.  milk. 

6  a.m.  Put  6  oz.  mealie  meal  flour  per  man  in  boiling 

water  and  I  lb.  salt  per  25  gallon  pot  and 
boil  till  8  a.m.  forming  a  thin  gruel. 

6  a.m.  Put  2  oz.  rice  per  man  in  cold  water  with  1  oz. 

salt  per  5  gallon  dixie  and  boil  till  7.30  a.m. 
Then  evaporate  oflf  water  over  a  slow  fire. 
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J)iet 

Cookin;.'  pots 

pcf  tiiaii 

p   r  500  111(11 

Iloiir 

Mcalic  iiji        ti  o/.  1 
Hife                  2    .,   ) 

S  a. Ml. 

2  of  25  gals. 

S.:{0  a. Ill 

I  of  25  gals. 

10  a.m. 


Il.:?()  a.ni 

Rice 

12  ()/.) 

(Jhee 

I    .. 

12  noon 

Bt'aiis 

«i    ,,] 

2 
1 

1 

of  25  gals, 
of  25  gal.-', 
(meat) 
of  25  gals, 
(bones) 

2  p.m. 

:{  p.m. 


.)  ]).m. 


(^)oking  insl ructions 
Serve  mcalic  imal  iiji  vvitli  licc. 

I'lil  (>  ()'/..  beans  per  man  into  (-(jld  water  am! 

boil  hard  till  ll.liOa.m.    I'oiir  ofT  water  and 

serve  at  12  noon. 
I'ut,  rice  12  o/,.  \}vr  man  into  boiling  water  in 

dixies,  boil  and  stir  well  till  I  l.:{()a.m.   Add 

salt  I  oz.  per  dixie  arul  .^  oz.  gliee  per  man 

at  I ()..*{()  a.m. 
I'lit    rice  ovei'  a   small    (ire   to  evaporate  oil 

water'. 

Serve  rice  and  beans. 

I*iit  meat  I  lb.  per  man  with  I  lb.  salt  per 
25  gallon  pot  into  boiling  water.  Put  bones 
from  this  meat  intf)  cold  water  and  boil 
Boil  meat  and  bones  till  5  p.m. 

Mix  soup  from  each  and  give  1  pint  per  man. 

Put  6  o/,.  mealie  meal  flour  per  man  in  bcjiling 
water  and  h  lb.  per  25  gallon  pot  and  boil 
till  5  p.m.  forming  a  thin  gruel. 

Serve  mealie  meal  uji  and  meat  and  soup. 


Mealie  meal  uji  6  oz. 
Meat  I  lb. 

Soup  1  pint 

The  patient  was  treated  with  a  fluid  diet  until  his  stools  had  been  solid  for 
two  days  and  without  any  suspicion  of  blood  or  mucus.  He  was  then  put  on 
to  the  semi-solid  diet  for  two  days,  and  if  no  diarrhoea  showed  itself  in  this 
time,  he  went  on  to  full  diet. 

GENERAL  TREATMENT. 

All  dysentery  cases  were  kept  in  bed  as  far  as  possible  durino  the  acute 
stage  of  the  disease.  Their  mouths  were  cleaned  twice  daily  with  potassium 
permanganate  lotion,  and,  if  necessary,  also  in  the  intervals  between  these 
routine  washings.  They  were  also  given  a  pint  of  water  six  times  daily  in 
addition  to  the  fluid  matter  of  the  diet. 

Most  of  these  methods  of  treatment  of  bacillary  dysentery  by  means  of 
drugs  were  tried  before  vaccine  treatment  was  commenced,  and  although  a 
certain  amount  of  improvement  was  attained  in  the  reduction  of  the  death 
and  invaliding  rate,  yet  as  will  be  shown  later  from  the  results  of  treatment 
in  138  cases  without  anti-dysenteric  vaccine,  the  results  were  far  from  en- 
couraging. 

TREATMENT  WITH  ANTI-DYSENTERIC  VACCINE. 

The  vaccine  as  used  in  this  series  of  cases  consisted  of: 

(1)  B.  Shiga  (3  strains)  500  millions. 

(2)  B.  Flexner  (2  strains)  250  millions. 

(3)  B.  Morgan  (3  strains)  750  millions. 

Each  strain  was  inoculated  separately  into  a  flask  containing  peptone 
bouillon,  incubated  for  72  hours,  and  then  killed  by  the  addition  of  0-5  per 
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cent,  caiboiic  acid.  Each  Hask  was  then  allowed  to  stand  for  48  hourH,  and 
at  the  end  of  this  time  was  tested  for  steriiitv.  Jf  sterile,  the  dead  cultures 
were  standardized,  mixed  in  the  above  proportion,  and  bottled. 

In  order  to  compare  the  results  of  vaccine  treatment,  it  was  found  necessary 
to  record  the  cases  under  different  grpups,  each  group  of  cases  being  treated 
with  a  different  dose  of  vaccine.  As  some  of  these  groups  contained  only  a 
very  small  number  of  cases,  too  inadequate  to  form  any  conclusions  on,  the 
groups  were  re-collected  into  two  main  divisions,  namely  Division  X  (Tables 
III-VI)  into  which  all  the  early  cases  fell,  and  in  which  the  dosage  in  the  light 
of  later  experience  was  small,  and  Division  Y  (Tables  VII-XIII),  into  which 
all  the  later  cases  fell,  and  in  which  the  dosage  was  much  larger. 

It  was  further  found  that  cases  had  to  be  divided  into  two  main  classes, 
namely  "Effectives."  and  "Invalids,"  tc  admit  of  adequate  comparison, 
"Effectives"  being  porters  who  w^ere  actually  doing  duty  at  the  time  of  the 
onset  of  dysentery,  or  who  had  been  passed  as  recruits  for  work:  "Invalids" 
being  porters  who  had  been  returned  from  posts  nearer  the  actual  fighting 
line,  for  disease  contracted  in  the  field  which  rendered  them  unfit  for  further 
duty.  Thus  under  each  group  will  be  found  two  main  classes,  namely  Effec- 
tives and  Invalids. 

Again  it  was  obvious  that  it  was  unfair  to  take  each  case  of  dysentery  as 
the  same  in  severity,  for  some  men  reported  sick  as  soon  as  the  disease  showed 
itself,  others  not  for  ten  days  afterwards,  when  toxaemia  had  set  in  and  the 
patient  had  been  reduced  to  a  very  weak  state.  The  disease  itself  was  also  not 
ahvays  equal  in  severity.  Consequently  it  was  decided  that  some  sort  of 
subdivision  of  cases  according  to  the  severity  of  the  disease  and  to  the  con- 
dition of  the  patient  was  essential. 

The  severity  of  the  attack  w^as  adjudged  on  four  main  points,  namely  the 
symptoms,  the  amount  of  toxaemia,  the  amount  of  blood  and  mucus  in  the 
stools,  and  the  number  of  evacuations  daily. 
The  following  classification  was  adopted: 

(a)  Slight  cases  in  which  the  patient's  physical  condition  was  good,  and 
the  disease  was  mild  and  unaccompanied  by  toxaemia. 

(h)  Medium  cases  in  which  the  patient's  physical  condition  was  good, 
but  the  disease  was  more  severe,  and  in  which  a  certain  degree  of  toxaemia 
was  seen. 

(c)  Bad  cases  in  which  the  patient's  physical  condition  was  fair,  but  in 
which  the  disease  was  severe,  and  toxaemia  marked. 

{d)  Very  had  cases  in  which  the  patient's  physical  condition  was  poor, 
and  in  which  the  disease  was  severe  and  marked  toxaemia  was  present. 

(e)  Hopeless  cases  in  which  the  patient  was  admitted  either  in  a  comatose 
condition,  or  in  which  the  patient  was  so  emaciated  and  toxaemia  so  marked 
that  no  hope  of  the  patient's  recovery  could  be  entertained. 

It  must  here  be  remarked  that  the  standard  of  physical  condition  was  of 
necessity  made  much  lower  for  invalids  than  for  effectives,  and  that  even  then 


W.  II.  Kaintzk  438 

possibly  a  considcrahly  larger  pioporf  ion  oi  them  slioiild  have  been  included 
amongst  tlie  "hopeless"  class,  but  in  eveiy  (;ase  tlie  most  optimistic,  view 
possible  was  talviMi. 

A  classification  based  on  the  chaiactcirs  of  th(^  case  and  the  condition  of 
the  |)atienl  necessa iil\'  depends  lai^^^'ly  on  the  iud<imont  of  the  observer, 
consecpient ly  in  each  i;roup,  a  total  is  inad<'  of  all  cas<'s  included  in  that  <^roup, 
so  that  conclusions  based  on  these  totals  are  absolutely  independent  of  any 
personal  bias.  It  is  unfortunate  that  whereas  the  vaccine  cases  were  conse- 
cutive admissions  to  hospital,  no  case  being  excluded,  the  only  non-vaccine 
cases  available  for  comparison  of  which  a  record  exists,  were  more  or  less 
selected  men,  in  that  all  were  "Effectives"  and  "Hopeless"  cases  were 
definitely  excluded,  this  series  having  been  recorded  before  vaccine  treatment 
was  started  or  even  thought  of.  Consequently  in  order  to  compare  total  cases, 
it  has  been  found  essential  to  show  in  Table  XV  not  only  totals  showing  all 
cases,  but  also  totals  including  all  cases  but  "hopeless"  ones. 

As  a  further  note  it  may  be  stated  that  even  a  comatose  "hopeless"  case 
sometimes  recovered  consciousness,  and  with  the  aid  of  stimulants  and  intra- 
venous salines  lived  sometimes  for  a  considerable  number  of  days  after  ad- 
mission, but  in  not  a  single  case  was  the  classification  of  "hopeless,"  which 
was  always  made  on  the  day  of  admission,  found  unjustified,  for  no  case  in 
this  class  ever  survived  to  be  cited  as  a  recovery. 

A  further  division  of  porters  was  also  necessary  for  statistical  purposes. 
A  certain  number  of  porters  received  a  dose  of  1  c.c.  (1500  million)  of  anti- 
dysenteric  vaccine,  others  received  a  dose  of  4  c.c.  of  anti-dysenteric  vaccine, 
in  both  cases  as  a  prophylactic  measure  when  recruited.  A  large  proportion 
of  the  cases  received  no  prophylactic  inoculation  at  all. 

We  have  therefore  the  following  outline  classification  under  which  all 
cases  are  brought. 

(i)    Division.    X  or  Y,  i.e.  small  or  large  therapeutic  doses  vaccine 
administered. 

(ii)    Group.    I — X  depending  on  therapeutic  dose  of  vaccine  adminis- 
tered. 

(iii)    Class.    I.  Effectives,  II.  InvaHds. 
(iv)    Sub-Class. 

A.  Receiving  no  prophylactic  inoculation. 

B.  Receiving  1  c.c.  A.D.  vaccine  as  a  prophylactic. 

C.  Receiving  4  c.c.  A.D.  vaccine  as  a  prophylactic, 
(v)    Character  of  Case.   As  described  above. 
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Havin«;  ttierefoie  explained  the  method  of  classification  used,  we  can  turn 
to  the  other  point,  namely  what  conclusions  can  be  drawn  from  the  recorded 
results  of  these  cases? 

(1)  In  the  first  place  we  may  note  that,  as  far  as  the  death  rate  is  concerned, 
there  is  practically  no  difference  in  the  results  of  vaccine  treatment  between 
cases  which  received  prophylactic  inoculation  and  those  which  did  not,  indeed 
if  anythin<>  the  cases  which  received  a  prophylactic  inoculation  did  worse 
and  had  a  higher  death  rate  than  those  which  received  no  such  inoculation. 
The  real  difference  between  cases  which  received  a  prophylactic  inoculation 
and  those  which  did  not,  lies  in  the  percentage  of  those  returning  to  duty 
after  the  disease.  Here  the  cases  which  received  a  prophylactic  inoculation 
show  a  considerably  higher  proportion  of  men  returning  to  duty  than  cases 
which  received  no  prophylactic  inoculation,  among  effective  porters.  The 
opposite  is  the  case  amongst  invalids,  but  here  a  fallacy  may  possibly  be 
introduced  as  it  is  still  uncertain  how  long  any  immunity  conferred  by  pro- 
phylactic inoculation  lasts.  It  seems  probable  from  statistics  at  present 
available,  that  the  immunity,  if  any,  only  lasts  for  a  comparatively  short  time, 
in  which  case  invalids  coming  under  the  head  of  prophylactically  inoculated, 
should  really  be  classed  among  the  non-inoculated. 

(2)  The  only  available  records  of  cases  not  treated  therapeutically  with 
vaccine  are  of  effective  porters  from  which  "hopeless"  cases  were  excluded. 
On  comparison  of  the  death  rate  amongst  these  men,  which  was  31-38  per  cent., 
with  the  cases  treated  with  vaccine,  we  see  that  amongst  effective  porters 
treated  with  small  doses  of  vaccine,  the  death  rate  was  lowered  to  22-92  per 
cent,  whilst  amongst  a  similar  class  of  men  treated  with  large  doses  of  vaccine, 
it  fell  to  19-16  per  cent.  Here  there  is  no  room  for  any  individual  bias  to  enter, 
for  all  the  vaccine  cases  were  consecutive  admissions  to  hospital  whilst  the 
control  cases  were  to  a  large  extent  selected  cases.  If  we  exclude  "hopeless" 
cases  from  the  vaccine  series,  the  death  rate  falls  to  19-57  per  cent,  and  15-25 
per  cent,  respectively.  Therefore  from  these  figures  it  may  be  concluded  that 
the  therapeutic  use  of  the  vaccine  definitely  influences  the  course  of  the 
disease  for  good  and  markedly  reduces  the  death  rate  from  bacillary  dysentery 
when  administered  in  sufficiently  large  doses. 

In  the  case  of  invalids  there  are  unfortunately  no  records  of  cases  untreated 
with  vaccine  for  comparison,  and  it  is  only  possible  from  the  recollection  of 
the  writer  of  the  feeling  of  utter  hopelessness  in  dealing  with  these  cases  in 
pre- vaccine  days,  to  give  an  assurance  that,  poor  as  are  the  results  shown  for 
invalids  under  vaccine  treatment,  matters  were  far  worse  in  the  days  when  no 
vaccine  was  available.  If  the  figures  are  thought  to  show  an  appallingly  high 
death  rate,  it  must  be  remembered  that  these  invalids  had  been  returned  as 
useless  to  the  forces  in  the  field,  that  many  of  them  were  frightfully  wasted 
from  disease,  and  with  no  resistance  left  to  protect  them  from  the  invasion  of 
fresh  hostile  bacteria,  and  one  may  even  look  upon  it  as  a  triumph  of  medicine 
that,  of  their  number,  we  were  able  to  send  back  to  the  front  even  as  small  a 
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proportion  as  1)^51  por  cent,  in  ono  sot  of  cases  and  27-0'2  per  cent,  in  the 
other. 

It  will  be  noted  that  the  statistics  show  improvennent  in  the  death  rate  with 
vaccine,  not  only  amongst  the  milder  cases,  but  also  amongst  the  "very  bad" 
or  toxaemic  class. 

Besides  comparison  of  the  death  rate,  it  is  interesting  to  compare  the 
statistics  showing  the  percentage  of  cases  returned  to  duty,  a  matter  of  great 
importance  in  a  campaign  when  every  effective  porter  was  an  asset  to  our 
forces.  In  pre-vaccine  days  it  was  considered  that,  if  a  man  went  into  hospital 
suffering  from  dysentery,  it  was  almost  a  certainty  that,  if  he  escaped  death, 
he  would  be  sent  home  as  an  invalid,  only  21-32  per  cent,  being  returned  to 
duty.  Compare  with  this  the  figures  of  effective  porters  treated  with  vaccine. 
Even  with  small  doses,  inadequate  as  they  seemed  in  the  light  of  later  experi- 
ence, over  50  per  cent,  of  cases  of  dysentery  were  returned  for  further  service 
at  a  time  when  the  standard  of  fitness  for  duty  was  very  high,  and  with  the 
larger  doses  almost  75  per  cent,  of  treated  cases  were  sent  back  to  duty.  As 
has  been  mentioned  above,  a  small  proportion  from  13-51  per  cent,  up  to 
27-03  per  cent,  of  men  returned  as  invalids  and  admitted  to  hospital  with 
dysentery,  were  saved  for  a  further  period  of  usefulness  in  the  field,  a  rather 
larger  proportion  than  were  returned  to  duty  from  the  pre-vaccine  series  of 
selected  effectives.  From  the  point  of  view  therefore  of  military  efficiency, 
the  vaccine  was  an  important  asset  in  the  medical  armamentarium. 

In  the  statistics  of  treated  cases,  the  average  number  of  days  spent  in 
hospital  has  been  included.  Apparently  the  vaccine  has  very  little  effect  on 
the  number  of  days  cases  remained  under  treatment,  though  the  average  time 
in  the  hospital  of  vaccine  cases  was  undoubtedly  increased  by  the  longer  time 
cases,  which  eventually  died,  remained  in  hospital.  In  the  pre-vaccine  series 
of  porters,  similar  cases  died  in  a  much  shorter  time. 

(3)  As  regards  the  dosage  of  vaccine  advisable,  full  statistics  of  each 
different  dosage  tried  are  included  in  the  Tables.  Certain  of  these  were  used 
with  too  small  a  number  of  cases  to  be  useful  for  any  statistical  purpose,  but 
on  consideration  of  the  various  groups,  when  a  sufficient  number  of  cases  are 
included  to  make  conclusions  reliable,  it  would  seem  that  the  results  obtained 
wdth  a  dosage  of  2  c.c.  (3000  million),  4  c.c.  and  8  c.c.  vaccine  on  the  first, 
fourth  and  eighth  days  were  the  most  satisfactory  and  this  is  the  dosage  which 
is  now  recommended  for  general  use. 

(4)  A  small  series  of  cases  was  tried  with  autogeneous  dysentery  vaccines, 
but  the  numbers  were  too  few  to  admit  of  statistical  use.  The  general  impres- 
sion gathered,  however,  was  that  there  was  no  advantage  in  their  use  over  the 
polyvalent  dysentery  vaccine. 

From  the  above  facts  it  is  recommended  that  the  treatment  of  dysentery 
cases  should  be  carried  out  on  the  following  lines: 

(1)  Eliminate  amoebic,  bilharzial,  and  malarial  dysentery  by  micro- 
scopical examination. 
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(2)  Put  the  patient  to  heel. 

(3)  (Jive  an  aperient,  and  keep  the  bowels  open  by  the  use  of  magnesium 
sulphate  in  small  doses  three  or  more  times  a  day. 

(4)  Administer  on  the  first  daij  or  at  the  first  possible  moment,  an  initial 
dose  of  2  c.c.  (3000  million)  of  the  polyvalent  anti-dysenteric  vaccine,  followed 
by  i  c.c.  on  the  fourth  day  and  8  c.c.  on  the  eighth  day,  if  necessary. 

(5)  Keep  the  patient  on  a  light  diet  till  the  stools  are  normal  in  appear- 
ance and  semi-solid,  then  gradually  change  to  normal  diet,  being  guided  by 
the  appearance  of  the  stools. 

(6)  In  the  event  of  intractable  diarrhoea  setting  in,  give  B.  coli  communis 
vaccine  in  |  c.c,  1  c.c,  and  2  c.c  doses  at  intervals  of  3  days  subcutaneously 
and  by  the  mouth  Pulvis  Rhei  and  sodii  bicarbonas  one  drachm  of  each  thrice 
daily  till  the  stools  become  normal  in  colour  and  tenesmus  disappears. 

It  may  be  mentioned  that,  as  post  dysenteric  diarrhoea  was  so  common, 
and  prolonged  treatment  to  such  an  extent,  an  attempt  w^as  made  to  combine 
the  treatments  with  anti-dysenteric  vaccine  and  B.  coli  vaccine  by  giving  them 
simultaneously,  but  no  advantage  was  gained,  the  B.  coli  failing  to  produce 
the  same  effect  as  it  does  when  it  follows  anti-dysenteric  vaccine. 

It  must  be  noted  that  certain  cases  clinically  and  microscopically  of 
bacillary  type  failed  to  respond  at  all  to  the  anti-dysenteric  vaccine.  An 
explanation  of  this  class  of  case  may  possibly  be  that  heterologous  dysentery 
bacilli  were  the  causal  organisms,  or  again  the  case  may  have  been  due  to 
Entamoeba  histolytica  originally  and  treated  as  such,  but  secondary  organisms, 
such  as  B.  coli  communis,  may  have  got  implanted  on  the  healing  amoebic 
ulceration,  and  have  kept  up  the  dysenteric  condition.  Certainly  some  of 
these  cases  responded  markedly  to  a  B.  coli  vaccine. 

It  is  also  worth  recording  that  the  vaccine  in  certain  patients  produced  an 
immediate  effect,  the  stools  diminishing  rapidly  in  number,  their  character 
improving,  and  the  general  condition  of  the  patient  becoming  much  better. 
It  has  happened  too  often  to  be  merely  coincidence,  and  it  must  be  concluded 
therefore  that  one  of  its  efl'ects  may  be  the  immediate  stimulation  of  phago- 
cytosis. Independent  testimony  to  this  and  also  to  the  value  of  the  vaccine 
as  a  therapeutic  agent  has  been  received  from  other  observers  from  whose 
reports  the  following  statements  are  quoted. 

Capt.  Shircore,  E.A.M.S.,  Native  Civil  Hospital,  Mombasa:  "In  my 
experience  the  best  results  obtained  with  anti-dysenteric  vaccine  are  in 
chronic  dysenteries.  Its  effects  are  immediate,  i.e.  within  18  to  24  hours,  and 
whatever  may  be  the  explanation  of  such  rapid  action,  nevertheless  this  result 
can  be  observed  clinically.  I  regard  it  as  a  valuable  therapeutic  agent  and 
would  use  it  without  fail  in  the  typ3  of  cases  mentioned  in  preference  to  any 
other  line  of  treatment  that  I  know  of;  and  with  confidence  that  if  it  was  going 
to  do  good  at  all,  it  would  do  so  promptly." 

Capt.  Mackinnon,  E.A.M.S.,  K.A.R.  Hospital,  M'bagathi:  "Although  the 
preparation  is  a  vaccine,  I  have  usually  found  that  there  is  an  immediate 
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marked  iniprovomoul  after  t  lie  first  doso  in  nearly  all  eases  in  vv]ii('h  a  cure  is 
obtained.  There  is  usually  u  marked  reaction  and  the  temperature  may  run 
up  to  lO.'V  K.  or  even  more.  I  liavc^  noticed  in  several  cases  that,  on  the  day 
followin*:;  the  inoculation,  patients  who  have  been  passin^^  15  to  20  motions 
a  day  are  suddenly  reduced  to  one,  or  even  to  none,  and  show  no  signs  of 
relapse  thereafter." 

Othei-  observers  have  also  noted  a  similar  result  with  anti-dysenteric 
vaccine.  See  Skalaki  and  Sterlinjjj  (1917,  DeiHsche  nied.  Wochenschr.  XLiir. 
713,  abstract  in  Trap.  Dis.  Bull.  x.  140),  and  Mar^rolis  (1917,  Deutsche  med. 
Wochenschr.  XLiii.  783,  abstract  in  Bull.  Inst.  Pasfeur,  xv.  557). 

A  testimony  to  the  efficacy  of  the  vaccine  in  treatment  was  given  to  the 
writer  by  two  of  liis  hospital  dressers,  who  contracted  dysentery  while  on  duty, 
and  insisted  on  being  treated  with  the  vaccine,  although  as  a  rule  a  native  is 
distinctly  averse  to  having  needles  thrust  into  him. 

As  a  fact  w^hich  requires  further  investigation,  the  writer  wishes  to  record 
a  general  constitutional  effect  of  the  anti-dysenteric  vaccine.  A  patient  who 
had  been  in  hospital  for  some  considerable  time  with  a  bad  ulcer  of  the  foot, 
and  a  chronic  inflammatory  condition  of  the  calf  of  the  leg  probably  resulting 
therefrom'  contracted  dysentery.  He  was  treated  with  anti-dysenteric  vaccine 
in  the  usual  way,  and  not  only  rapidly  recovered  from  the  intestinal  disease, 
but  the  ulcer  and  the  inflamed  leg  also  became  cured  although  they  had 
resisted  all  other  forms  of  treatment  for  months.  So  marked  was  the  effect, 
that  a  case  with  a  similar  condition  of  ulcer  and  chronic  cellulitis  of  the  leg 
was  tentatively  given  a  dose  of  anti-dysenteric  vaccine,  and  immediately 
cleared  up.  Unfortunately  no  other  cases  with  exactly  similar  lesions  have 
occurred,  and  no  smear  was  taken  from  the  ulcers  of  these  tw^o  patients.  The 
results  with,  the  vaccine  are  suggestive,  however,  and  it  has  yet  to  be  investi- 
gated whether  dysentery  bacilli  do  or  do  not  occur  in  similar  ulcers  of  the  skin. 

In  conclusion  the  writer's  thanks  are  due  to  Dr  P.  H.  Ross,  Director  of 
Laboratories,  E.A.P.,  whose  suggestion  to  sterihse  the  vaccine  wath  carbolic 
acid  instead  of  heat  made  it  possible  to  use  large  doses  in  treatment,  to 
Dr  J.  Harvey  Pirie,  Institute  of  Medical  Research,  Johannesburg,  from  w^hose 
work  on  the  dysentery  bacilli  of  E.  Africa,  the  idea  of  vaccine  treatment  was 
first  formulated  by  the  writer,  and  to  both  these  officials  for  the  way  in  which, 
under  great  difficulties  and  stress  of  other  work,  they  so  maintained  the  supply 
of  the  vaccine  as  to  meet  even  excessive  calls  on  it.  The  wTiter  has  also  to 
thank  Capt.  J.  A.  M.  Clarke,  R.A.M.C,  who  supplied  the  records  of  cases 
detailed  in  Group  B  IX,  and  to  Colonel  Clemesha,  D.D.M.S.,  E.A.E.F..  for 
permission  to  publish  this  paper. 
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CATS  AND  HUMAN  DIPHTHERIA. 

By  WILLIAM  G.  SAVAGE,  M.D., 

County  Medical  Officer  of  Health,  Somerset. 

It  is  a  widely  accepted  belief  amongst  medical  men,  particularly  those  who  are 
Medical  Officers  of  Health,  that  cats  may  suffer  from  diphtheria  and  convey  it 
to  human  cases  and  that  they  are  a  not  uncommon  source  of  infection.  It  is 
of  considerable  practical  importance  to  determine  to  what  extent  this  belief 
is  based  upon  reliable  scientific  data  or  whether  it  is  another  of  those  opinions, 
still  far  too  prevalent,  which  arise  from  the  acceptance  of  insufficiently  tested 
and  incorrectly  interpreted  observations. 

In  deahng  with  this  subject  I  propose  to  give  first  a  brief  account  of  the 
available  evidence  upon  which  the  association  of  cats  with  diphtheria  has 
been  built,  then  a  summary  of  my  own  investigations  and  lastly  a  critical 
consideration  of  the  whole  of  the  data  available. 

EVIDENCE  ASSOCIATING  CATS  WITH  HUMAN  DIPHTHERIA. 

This  is  both  experimental  and  epidemiological. 

Of  the  experimental  work  the  most  considerable  in  volume  and  of  most 
importance  as  regards  its  influence  upon  contemporary  and  later  medical 
opinion  is  the  work  of  Klein  (1888,  1889,  1890).  This  investigator  inoculated 
eight  cats  subcutaneously  and  two  intravenously  with  pure  cultures  of 
diphtheria  bacilli.  Four  were  unaffected  but  the  other  six  showed  swelling  at 
the  site  of  inoculation  followed  by  death  after  five  to  eleven  days.  Postmortem 
all  the  fatal  cases  showed  extensive  haemorrhagic  oedema  locally  and  certain 
special  kidney  changes  characterised  by  enlargement  of  the  whole  organ, 
almost  the  entire  cortex  being  grey  and  fattily  degenerated,  the  medulla 
appearing  by  contrast  much  congested.  Microscopically  the  uriniferous  tubules 
were  swollen  and  the  epithelium  showed  extensive  fatty  degeneration  or 
broken  down  into  a  granular  debris.  Klein  describes  this  condition  of  the 
kidney  as  extremely  characteristic  of  diphtheria  disease  in  the  cat.  The 
condition  of  the  supra-renal  capsules  is  not  mentioned. 

He  also  caused  death  or  paralysis  in  two  cats  by  injecting  diphtheria 
bacilli  direct  into  the  trachea  by  a  syringe  pushed  through  the  anterior  w^all. 

One  kitten  and  two  cats  fed  with  agar  cultures  in  milk  remained  well,  but 
two  other  cats  fed  on  three  separate  occasions  became  very  thin,  although 
showing  no  other  symptoms,  and  were  killed  three  and  four  weeks  after  the 
start  of  the  experiment.  Both  showed  livers  much  enlarged,  in  one  the  kidneys 
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woro  lar«i;e  with  wliito  coi-tcx,  in  the  othor  tlio  kidneys  were  not  conspicuously 
lariie  but  their  cortex  was  pale  with  a  few  wliitish  patclies.  Not  tlie  slij^litest 
])acteii()h)o^i{'al  proof  is  <ii ven  or  evidence  sup|)lied  of  tlie  presence  of  any  clinical 
or  pathoh\i,d('al  features  of  diphllieria  but  Klein  remarks  "P'roiri  these  experi- 
ments it  is  seen  that  by  repealed  feedin<^  with  cultures  of  diphtheria  bacilli 
disi  I  ibiiird  ill  milk.  iiiKjueationable  (lij)litheria  disease  (;aii  he  piodiiccd  in  the 
cat/'  KhMu  also  laid  stress  upon  certain  cases  of  accidentally  acquired  diph- 
theria (so  called)  in  cats.  The  symptoms  were  an  acute  catarrhal  affection  of 
the  conjunctiva  and  of  the  respiratory  passages.  The  diagnosis  of  diphtheria 
was  based  upon  the  pathological  appearances  of  the  kidney  and  tlie  appear- 
ance in  one  of  the  cats  of  a  grey  membrane  covering  the  lower  part  of  the 
larynx  and  upper  part  of  the  trachea  in  which  "the  microscope  showed  crowds 
of  diphtheria  bacilli  as  smaller  or  larger  groups  in  the  necrotic  mucous 
membranes."  Diphtheria  bacilli  were  also  demonstrated  in  tlie  bronchial 
and  tracheal  exudation  of  another  cat.  Nine  months  later  a  somewhat  similar 
outbreak  occurred  with  similar  pathological  lesions  and  the  presence  of  bacilli 
moipliologically  like  diphtheria  bacilli. 

Klein  records  his  examination  of  three  cats  sent  to  him  from  different 
sources  and  all  associated  wath  human  cases  of  diphtheria.  All  three  cats  had 
been  ill.  The  kidney  condition  which  Klein  records  as  typical  of  diphtheria 
was  found  in  each  case  but  no  diphtheria  bacilli  were  cultivated.  On  the  basis 
of  the  pathological  appearances  and  their  likeness  to  the  conditions  induced 
in  cats  by  inoculation  with  Klebs-Lofiler  bacilli  Klein  considered  these  were 
cases  of  cat  diphtheria. 

Renshaw  (1885)  in  1874  administered  diphtheric  membrane  from  human 
cases  to  a  number  of  cats.  Most  died  after  illness  and  Renshaw  reported 
finding  diphtheritic  membrane  lining  the  fauces,  bronchial  tubes,  etc.  No 
evidence  was  adduced  that  the  lesions  were  due  to  diphtheria  bacilU  and  not 
associated  with  pathogenic  cocci,  etc. 

Welch  and  Abbott  (1891)  inoculated  into  the  trachea  of  a  half -grown 
kitten  a  platinum  loopful  of  a  pure  culture  of  the  diphtheria  bacillus.  The 
animal  died  on  the  third  day  with  the  production  of  a  diphtheritic  membrane, 
containing  diphtheria  bacilli,  in  the  trachea  and  larynx.  No  other  noticeable 
lesion  was  found  "  unless  it  be  a  greater  degree  of  fatty  metamorpliosis  of  the 
renal  epithelium  than  is  normal  in  kittens." 

The  above  constitutes  the  only  experimental  w^ork  I  have  been  able  to 
trace. 

Evidence  is  also  available  on  the  epidemiological  side  in  the  form  of 
instances  in  which  it  is  reported  that  the  disease  has  been  transmitted  to 
human  cases  through  the  agency  of  cats.  Without  making  a  thorough  search 
of  the  literature  I  have  collected  particulars  of  a  number  of  such  cases. 

Turner  (1886)  appears  to  have  been  the  first  to  report  the  association  of 
illness  amongst  cats  with  cases  of  human  diphtheria  and  he  drew  attention 
to  their  presence  in  a  number  of  small  outbreaks.   The  evidence  was  entirely 
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circumstantial  and  consisted  of  the  concuiTent  presence  of  human  cases  with 
cats  ill  with  such  symptoms  as  swelling  of  the  neck,  foul  discharge  from  the 
nostrils,  eye  inflammation,  etc. 

Bruce  Low  (1888)  reported  a  similar  relationship  in  an  outbreak  at  Enfield. 

Wilhams  (1895)  reported  that  in  the  same  house  as  a  case  of  human  diph- 
theria three  cats  were  taken  ill  with  wasting,  loss  of  appetite,  inability  to 
swallow,  cough  and  expectoration  and  all  three  died.  One  cat  was  sent  to 
Klein  for  examination  who  reported  that  there  was  extensive  disease  of  the 
lung  not  unconmion  amongst  cats. 

Owynn  (1893)  reported  at  Hampstead  the  association  of  a  case  of  human 
diphtheria  with  an  ailing  cat  suffering  from  a  bad  swollen  throat.  Later  it 
showed  an  unhealed  abscess  in  the  vicinity  of  the  throat.  No  bacteriological 
examinations  were  made. 

Dowson  (1895)  examined  a  cat  which  became  ill  in  a  house  in  which  a  child 
had  died  14  days  earlier  from  diphtheria.  Cultures  from  the  lung  gave  a  pure 
culture  of  an  organism  morphologically  resembling  the  diphtheria  bacillus 
which  was  not  further  investigated. 

Symes  (1896)  mentions  a  kitten  which  was  in  close  and  constant  contact 
with  a  fatal  case  of  diphtheria  and  which  subsequently  was  attacked  with 
vomiting  and  diarrhoea  with  slight  swelling  of  the  neck  and  with  patches  of 
yellow  exudation  on  the  fauces.  These  patches  extended,  the  cat  became  much 
emaciated  and  died.  Unfortunately  the  cat  was  buried  before  bacteriological 
examinations  could  be  made. 

Barras  (1905)  reports  that  in  two  cases  of  diphtheria  in  Go  van  a  history  of 
illness  aflectino  the  cats  of  the  families  attacked  was  ascertained.  The  throats 
of  two  of  these  cats  were  examined  in  the  laboratory  and  micro-organisms 
w^ere  cultivated  on  artificial  media  which  were  found  to  correspond  in  every 
respect  to  those  of  the  human  diphtheria  bacillus.  No  particulars  are  given  of 
the  tests  employed  for  the  identification  nor  are  any  details  furnished  as  to 
the  deoree  or  nature  of  the  illness  from  which  the  cats  suffered.  Barras  also 
mentions  another  cat  in  Go  van — a  stray  cat — which  had  obtained  a  home  in 
one  of  the  families  affected  and  which  was  found  to  be  suffering  from  post- 
diphtheritic paralysis  of  the  legs.  Apparently  no  bacteriological  examinations 
w^ere  made. 

Porter  (1908)  records  a  number  of  cases  of  diphtheria  in  a  household  con- 
taining two  petted  and  favourite  cats.  The  cats  were  not  ill.  Swabs  were 
rubbed  over  the  fur  of  each  cat.  One  yielded  negative  results  but  smears  from 
the  culture  from  the  other  cat  showed  a  considerable  number  of  organisms 
identical  in  appearance  with  the  Klebs-Loffler  bacillus  both  when  stained  by 
methylene  blue  and  by  Neisser's  method.  Porter  was  unable  to  isolate  the 
organism  in  pure  culture. 

Mapleton  (1913),  in  connection  with  an  outbreak  of  diphtheria  amongst 
the  children  living  in  the  Cottage  Home,  Newton  Abbot,  reported  that  there 
were  "  three  cats  in  this  Home  in  somewhat  intimate  association  with  the  chil- 
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(Ihmi  mid  a  l)acteri(>Iof!;ic;al  examination  of  tlu'se  proved  that  two  of  tlicm  were 
iiifiH't  od/'  Furthor  iii(|uirios  sliowod  tliat  the  examinations  made  were  ordinary 
s\^•;^l)l)in^^s  ^rown  on  Mood  scMiini  and  that  th(^  harilli  were  not  isolat(;d  in  pure 
culture  nor  werc^  any  aiiiuial  inoculations  made  in  I  his  case  the  cats  were  not 
definitely  ill  altliouiih  one  was  obviously  not  in  health  and  were  not  suspected 
of  liavinu  conveyed  any  infection.  They  were  examinx»d  to  prevent  the  possi- 
bility of  tlicii-  (;m\iiiu  infection  elsewhere. 

Webb  (1911)  reported  an  interestini^  outbreak  at  Lei^^h  (I^ancashire) 
amongst  cats  to  which  his  attention  was  directed  in  connection  with  a  case  of 
diphtheria  in  a  chihL  In  the  house  with  tliis  human  case  the  cat  had  been  ailing 
foi-  more  than  two  weeks,  had  a  peculiar  cough,  could  not  miaw^  properly, 
refused  food,  was  very  thin  and  could  hardly  move.  During  the  previous 
week  a  cat  next  door  had  died  presenting  the  same  symptoms  and  a  cat  across 
the  way  had  also  died  wdth  the  same  symptoms. 

The  throat  of  the  cat  in  the  house  with  the  diphtheria  case  w^as  in  a  dirty 
sloughy  condition  and  cultivations  showed  "a  bacillus  having  the  character- 
istics of  the  Klebs-Loffler  bacillus."  The  organism  was  not  isolated  in  pure 
culture  and  no  cultural  or  inoculation  tests  were  carried  out.  Webb  states 
that  five  other  cats  in  the  street  w-ere  found  to  be  ailing  and  were  destroyed. 

Priestley  (1915)  investigating  a  number  of  cases  of  diphtheria  at  the  8tock- 
w^ell  Orphanage  found  nine  cats  in  that  institution.  All  were  bacteriologically 
examined  although  none  of  them  were  apparently  ill.  He  reports  "three  of 
them  in  the  boys'  department  and  one  belonging  to  the  girls'  department 
carried  the  diphtheria  bacillus."  In  a  personal  communication  he  w-as  kind 
enough  to  inform  me  that  the  bacilli  were  morphologically  and  culturally 
undistinguishable  from  the  true  Klebs-Loffler  bacillus.  No  inoculation  experi- 
ments were  carried  out  nor  is  any  information  available  as  to  w^hat  cultural 
tests  were  employed  but  apparently  they  were  not  isolated  in  pure  culture 
and  then  tested. 

The  significance  of  the  above  data  wall  be  considered  after  my  own  experi- 
ments have  been  recorded. 

THE  AUTHOR'S  INVESTIGATIONS. 

These  have  been  along  three  lines  of  inquiry : 

A.  The  bacteriological  examination  of  the  throat  and  nose  of  healthy 
cats  not  associated  with  any  cases  of  human  diphtheria. 

B.  The  bacteriological  and  pathological  examination  of  cats  associated 
with  human  cases  of  diphtheria. 

C.  Experimental  investigations  with  kittens. 

A.    Examination  of  Healthy  Cats. 

Eight  cats  and  12  kittens  were  examined,  the  throat  being  examined  in 
every  case  while  for  most  of  the  kittens  and  for  a  few  of  the  cats  the  nose  was 
also  swabbed.    One  cat  was  examined  twuce.    The  method  of  examining 
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consisted  in  taking  one  or  more  swabs  in  the  ordinary  way  and  then  charging 
at  least  three  blood  serum  tubes  and  one  agar  tube  in  series  without  recharging. 
The  usual  order  was  1  serum,  1  agar,  1  serum,  1  serum  tube,  the  object  being 
to  obtain  considerable  dilution  of  bacteria  on  the  last  two  serum  tubes  so  that 
discrete  colonies  could  be  obtained.  In  some  cases  pea-flour  trypt-agar  plates, 
a  medium  upon  which  diphtheria  bacilli  grow  well,  were  also  inoculated. 
All  the  12  kittens  failed  to  show  any  bacilli  which  at  all  resembled  diphtheria 
bacilli. 

The  eight  cats  were  very  different.  Swabs  from  three  of  them  showed  no 
baciUi  which  might  be  taken  for  Klebs-Loffler  bacilli.  The  results  from  the 
other  five  were  as  follows.  The  characters  refer  to  films  stained  by  methylene 
blue. 

(1)  Short  bacilU,  well  marked  beading  chiefly  at  ends  but  some  with 
central  staining.  Some  curved  and  longer  forms  very  closely  resembhng  Klebs- 
Loffler  bacilli.   Bacillus  isolated  in  pure  culture. 

(2)  A  number  of  bacilli  present  closely  resembling  Klebs-Loffler  bacilli, 
thin,  curved  some  thicker  at  ends  and  a  few,  but  not  the  majority,  showing 
polar  staining.  Do  not  show  granules  when  treated  with  acetic  acid.  Isolated 
in  pure  culture. 

(3)  A  large  number  of  bacilli  present  resembling  Klebs-Loffler  bacilli. 
Curved,  beaded  but  not  definitely  clubbed.  No  dark  blue  granules  when  treated 
with  acetic  acid.   A  bacillus  resembling  this  organism  isolated  in  pure  culture. 

(4)  Numerous  bacilli  present  which  are  curved,  thin  and  beaded.  Not 
thickened  at  ends  but  closely  simulate  Klebs-Loffler  bacilli.  Isolated  in  pure 
culture. 

(5)  A  very  mixed  growth  but  contains  a  number  of  bacilli  which  very 
closely  resemble  true  diphtheria  bacilli  being  long,  curved  bacilli  with  granules 
at  end  but  not  in  the  middle.  Granules  show  up  well  when  the  films  were 
treated  with  acetic  acid.  Differ  from  typical  Klebs-Lofiler  bacilli  in  being 
rather  more  uniform  in  size  and  the  absence  of  clubbing.  Was  unable  to 
isolate  in  pure  culture. 

No.  2  is  of  particular  interest  as  it  was  the  cat  in  a  large  girls'  school.  This 
cat  was  re-examined  exactly  three  months  later.    =  2  a. 

(2  a)  Many  bacilli  closely  resembling  Klebs-Loffler  bacilli  present,  being 
curved,  and  granular,  thicker  at  one  end  and  showing  dark  blue  granules 
when  the  film  was  treated  wdth  acetic  acid.   Isolated  in  pure  culture. 

The  bacilli  isolated  from  cats  (1),  (2)  and  (3)  were  all  alike  so  far  as  they 
were  culturally  investigated.  They  morphologically  resembled  true  diphtheria 
bacilli  less  when  isolated  in  pure  culture  although  still  superficially  resembhng 
it.  Culturally  they  were  distinct,  the  agar  and  blood  serum  growths  being 
definitely  yellow  or  yellows-white  in  colour  while  they  produced  no  acid  in 
glucose  media  and  in  htmus  milk  produced  definite  alkali  after  four  to  five 
days'  grow^th. 

The  bacillus  from  cat  (2  a)  was  extremely  like  the  true  diphtheria  bacillus 
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botli  in()r])li()l()i;i('allv  and  cull  u rally.  It  |)r()(lii('<'(l  acid  in  glucose  broth  and 
^rew  like  the  diplif li(M'ia  hacillus  in  milk.  It  was  only  distinguished  so  far  as 
it  was  tested  hv  the  blood  senini  colonies  liavinf^  a  distinct  yellow  tinge. 
]Morj)holo<iically  it  was  indistinguishable.    It  was  non-pathogenic  to  a  guinea 

It  may  be  added  that  the  films  from  the  serum  cultures  made  direct  from 
the  swabs  wen'  shown  to  the  county  bacteriologist  in  the  laboratory  who  was 
examining  several  thousand  suspected  diphtheria  swa])s  every  year  and  he 
as  well  as  myself  was  unable  to  distinguish  the  films  from  those  from  swabs 
from  human  throats  containing  true  diphtheria  bacilli. 

We  have  therefore  the  striking  fact  that  two  experienced  bacteriologists 
were  unable  to  distinguish  with  any  certainty  these  bacilli  in  mixed  smears 
from  true  diphtheria  bacilli  although  in  several  instances  we  were  in  some 
doubt  and  could  not  pronounce  them  typical  bacilli  since  minute  differences 
were  apparent.  In  several  cases  the  resemblance  was  extremely  close.  All  of 
them  however  (with  the  possible  exception  of  the  strain  from  cat  (2  a))  were 
definitely  not  true  diphtheria  bacilli.  Present  in  66  per  cent,  of  the  adult  cats 
it  is  interesting  to  note  their  entire  absence  from  all  12  kittens. 

B.    Examination  of  Cats  associated  with  Human  Cases. 

Although  through  Public  Health  medical  officers  of  health  were  specially 
asked  to  send  me  such  cases,  none  reached  me  in  this  way  and  the  few  cases 
investigated  were  all  obtained  through  my  personal  efforts.  Four  were  in- 
vestigated in  1916  and  one  in  1919. 

Case  1.  Case  of  severe  diphtheria  in  a  house.  A  favourite  cat  much  in  the 
room  with  this  case  and  with  two  children  who  suffered  from  severe  colds  but 
whose  throats  showed  no  diphtheria  bacilli  when  swabbed. 

The  cat  show^ed  no  signs  of  sore  throat  or  other  illness.  Swabs  from  its 
throat  w^ere  implanted  on  several  blood  serum  tubes  in  series.  The  films 
showed  numerous  bacilli  which  in  the  primary  films  could  not  be  distinguished 
from  true  diphtheria  bacilli  either  by  myself  or  the  laboratory  bacteriologist. 
A  short  form  with  marked  polar  staining.  Isolated  in  pure  culture  the  bacillus 
decidedly  less  closely  resembled  the  Klebs-Loffler  bacillus  morphologically, 
while  the  yellow  colonies  and  absence  of  acid  production  in  glucose  clearly 
showed  it  was  not  that  organism. 

If  morphological  appearances  from  the  mixed  growth  sw^ab  had  been 
relied  upon  undoubtedly  this  cat  would  have  been  classed  as  infected  with 
diphtheria  bacilli  and  would  probably  have  been  credited  as  the  source  of  the 
infection. 

Case  2.  A  human  diphtheria  case  (a  woman  of  21)  in  a  house.  The  house 
cat  came  into  close  association  with  this  woman  who  w^as  very  fond  of  the 
animal.  The  cat  was  said  to  have  been  ailing  for  some  days  before  the  case 
was  notified  but  no  very  clear  particulars  as  to  symptoms  were  forth- 
coming. 
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The  cat  when  examined  showed  no  local  or  <^eneral  syMiptonis  and  the 
bacteriolot^ical  examination  of  the  throat  swab  showed  a  few  bacteria  sus- 
piciously like  diphtheria  bacilli  but  nothing  more  definite. 

Case  3.  The  cat  in  the  house  was  closely  associated  with  a  case  of  human 
diphtheria.  The  animal  remained  throughout  quite  well  and  the  cultures 
from  the  swab  from  its  throat  showed  no  bacilli  at  all  hke  true  Klebs-Loffler 
bacilli. 

Case  4.  A  boy  of  eight  years  developed  diphtheria  on  Nov.  22nd,  1916.  The 
house  cat  was  said  to  be  "off  its  food"  for  about  a  week  before  that  date  and 
subsequently  showed  difficulty  of  swallowing  as  if  it  had  a  sore  throat.  The 
patient  was  very  fond  of  this  cat  and  fondled  and  nursed  her  regularly. 

The  cat  was  swabbed  Dec.  Gth.  The  films  made  from  the  blood  serum 
cultures  showed  a  few  clusters  of  bacilli  which  morphologically  rather  resembled 
diphtheria  bacilU  of  the  short  type.  They  were  slightly  curved,  beaded  and 
thicker  at  one  end  but  rather  thick  compared  with  the  true  organism.  Im- 
possible to  exclude  as  not  Klebs-Loftier  bacilli.  They  were  only  present  in 
very  small  numbers  and  could  not  be  isolated  in  pure  culture.  T  was  fortunate 
in  being  able  to  secure  the  cat  and  re-swabbed  it  in  the  laboratory  but  the 
cultures  from  this  swab  failed  to  show  any  bacilli  suspicious  of  Klebs-Loffler 
baciUi. 

The  cat  was  killed  and  a  postmorten  examination  made.  There  were  no 
pathological  lesions,  the  kidneys  and  other  organs  being  quite  healthy. 
Further  swabs  from  the  back  of  the  throat  and  from  the  upper  part  of  the 
trachea  showed  culturally  no  bacilli  resembling  diphtheria  bacilli. 

It  may  be  mentioned  that  the  cat  when  the  first  swab  was  taken  and  when 
later  on  examined  at  the  laboratory  showed  no  symptoms  at  all  of  ill  health. 

Case  5.  A  child,  aged  five,  was  removed  to  the  isolation  hospital  suffering 
from  diphtheria  the  diagnosis  being  bacteriologically  confirmed.  The  child 
was  said  to  have  been  ailing  for  at  least  ten  days  before  removal.  An  elder 
sister  (16  years)  also  had  a  sore  throat  before  the  notified  case  and  was  possibly 
the  source  of  infection,  but  when  swabbed  the  day  the  notified  case  was 
removed  to  hospital  showed  no  diphtheria  bacilli.  According  to  the  mother  of 
the  case  the  house  cat  was  ill  for  3-4  weeks  before  the  child  of  five  was  notified, 
refusing  to  eat  and  with  some  discharge  from  the  nostrils  and  mouth.  The 
cat  however  gave  birth  to  some  kittens  soon  afterwards  and  then  recovered 
and  was  quite  well  at  the  time  of  the  removal  of  the  case  to  hospital.  The  cat 
was  brought  to  the  laboratory  April  16th,  i.e.  six  days  after  the  removal  to 
hospital  of  the  case,  and  swabbed.  It  showed  no  signs  of  any  illness  or  nasal 
discharge.  The  animal  was  killed  and  postmortem  showed  no  membrane  in 
the  throat  or  any  lesions  anywhere. 

The  films  from  the  blood  serum  cultures  made  showed  (mixed  with 
abundant  cocci)  bacilli  which  were  beaded,  curved  and  thicker  at  one  end  and 
which  could  not  be  distinguished  from  diphtheria  bacilli.  With  great  difficulty 
this  organism  was  isolated  in  pure  culture  and  investigated.   Morphologically 
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itcoukl  not  l)tMlistiii;^uishi'(l  iroiii  llu' diplit  licria  Ijucillus  and  tlie  blue  ^^laiiulcs 
after  IroatmiMit  with  acetic,  acid  were  very  inarkcid.  Culturally  it  ^rew  like 
dipht  heiiii  l);i(ilii  on  oidinary  a;i;ar  and  blood  serum  but  unlike  our  ordiiiary 
(ii})lit  lieiia  stiains  more  al)undantly  on  the  former  than  on  the  latter.  Indeed 
it  did  not  i^row  well  on  blood  serum.  It  }>roduced  acid  in  glucose  broth  but  none 
in  lactose  or  numnite  })roth  while  it  produced  a  trace  of  acid  in  Haccharose  broth. 

To  test  its  patlio<renicity  a  <iuinea  pi<jf  was  inoculated  subcutaneously  from 
a  broth  culture  reinl'orced  by  tlie  <rrowth  on  a  tube  of  pea-flour  trypt-ai^ar 
{i.e.  a  very  heavy  dose)  but  the  animal  was  unafTe(;ted. 

The  cultural  characters  aj^ree  with  the  diphtheria  bacillus  for  the  most 
part  and  this  may  possibly  liave  been  a  non-pathogenic  Klebs-Loffier  bacillus. 

C.    Experimental  Investigations  with  Kittens. 

If,  as  has  been  so  often  asserted,  cats  suffer  from  diphtheria  or  even  if  it 
be  merely  advanced  that  they  act  as  carriers  of  the  diphtheria  bacillus  in 
their  throat  or  nose,  it  should  be  possible  to  infect  them  artificially  and  set 
up  either  condition. 

The  possibility  of  this  was  tested  in  a  long  series  of  experiments.  Kittens 
w^ere  used  in  preference  to  adult  cats  as  both  more  easily  handled  and  as 
likely  to  be  more  susceptible  to  infection  than  the  grown  up  animals.  In  every 
case  the  throat  and  in  nearly  all  cases  the  nose  of  the  animals  were  swabbed 
before  the  experiments  started  to  ascertain  if  diphtheria-like  bacilli  were 
present  or  absent. 

The  kittens  were  all  kept  in  separate  cages  and  very  carefully  examined 
for  any  signs  of  ill  health.  Weight  observations  were  recorded  but  tempera- 
ture testings  were  not  found  very  helpful.  The  kittens  w^ere  usually  from 
four  to  six  weeks  old  when  the  experiments  started. 

Exjh  ].  Throat  swabbed  with,  as  far  as  possible,  all  the  growth  of  a 
blood  serum  culture  of  B.  diphtheriae  transferred  on  a  sterile  swab.  Immediately 
re-swabbed  in  the  same  w^ay  with  a  second  blood  serum  culture  of  another  strain. 

Throat  sw^abbed  after  three  and  seven  days  and  several  blood  serum  tubes 
inoculated.  No  diphtheria  bacilli  found.  Animal  showed  no  signs  of  any 
illness,  quite  lively  and  gained  in  weight.   No  local  throat-lesions. 

Exp.  2.  Throat  of  same  kitten  re-swabbed  a  month  after  onset  of  Exp.  1 
with  as  far  as  possible  the  whole  of  a  blood  serum  culture  made  direct  from  a 
swab  taken  from  the  throat  of  an  acutely  ill  case  of  diphtheria.  This  culture 
show'cd  about  half  the  colonies  B.  diphtheriae  and  half  streptococci  and  it  was 
used  as  possibly  the  mixed  growth  might  favour  infection.  Animal  remained 
quite  well  and  lively  and  a  swab  taken  six  days  after  the  inoculation  showed 
no  diphtheria  colonies  on  the  several  blood  serum  tubes  inoculated. 

Animal  killed  eight  days  after  the  second  inoculation.  Postmortem  all 
the  organs  were  healthy  and  sections  of  kidney  and  supra-renals  showed  no 
abnormahties.  No  trace  of  any  lesions  in  the  throat. 

The  virulence  to  guinea  pigs  of  these  three  strains  was  not  tested. 
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Eup.  3.  Kitten  about  four  weeks  old  fed  on  two  consecutive  days  with 
milk  containinji;  the  whole  of  two  blood  serum  f^rowths  of  two  different  strains 
of  B.  diphtheriae,  one  of  which  was  fully  virulent  to  a  j^uinea  pig.  Animal 
showed  no  symptoms  whatever  and  the  throat  swabbed  six  days  after  the 
first  feedin<jj  yielded  no  diphtheria  bacilli. 

Exp.  4.  Throat  of  the  same  kitten  swabbed  with,  as  far  as  possible,  the 
whole  of  two  blood  serum  cultures  of  B.  diphtheriae  (plus  a  small  number  of 
staphylococcus  colonies)  grown  direct  from  the  throat  of  an  acute  casie  of 
diphtheria.  Throat  swabbed  seven  days  later  showed  no  diphtheria  bacilli. 
Animal  showed  steady  increase  in  weight  and  no  local  or  general  symptoms. 

Kitten  killed  22  days  after  onset  of  the  feeding  and  15  days  after  the 
throat  swabbing.  No  trace  of  membrane  on  throat,  trachea  or  larynx.  Internal 
organs  normal  and  sterile.  Sections  of  the  kidney  and  supra-renals  showed 
no  pathological  changes  except  some  engorgement  of  the  kidney  blood 
vessels. 

Ex]).  5.  Throat  of  a  kitten  about  five  weeks  old  swabbed  with  the  whole 
of  a  blood  serum  growth  from  a  fifth  strain  (strain  B).  This  blood  serum  growth 
was  direct  from  a  swab  from  an  acute  case  and  showed  B.  diphtheriae  in  almost 
pure  culture.  Swabs  from  the  throat  taken  4  and  10  days  after  inoculation 
showed  no  diphtheria  bacilli.  The  animal  increased  in  weight  and  exhibited 
no  signs  of  ill  health. 

Ejxp.  6.  Thirteen  days  after  Exp.  5  started  this  kitten  was  injected  sub- 
cutaneously  with  2  c.c.  of  a  five  days  old  (trypsin  pea-flour)  broth  pure  culture 
of  the  same  strain  (strain  B)  of  diphtheria  bacillus.  The  animal  w^as  obviously 
ill  within  24  hours  of  the  injection  and  remained  very  quiet.  The  temperature 
which  for  the  two  days  before  the  experiment  had  fluctuated  between  99° 
and  100°  rose  to  104°  F.  the  morning  and  also  the  evening  after  the  inoculation. 
It  remained  between  102°  and  104°  for  seven  days,  then  rapidly  dropped  to 
below  100°  C.  and  was  96°  on  the  ninth  day  when  the  animal  was  moribund 
and  was  killed.  The  day  before  death  very  definite  paralysis  of  the  hind  legs 
was  observable.  The  postmortem  examination  showed  no  oedema  or  inflam- 
mation at  the  site  of  inoculation,  no  fluid  excess  in  the  thoracic  cavity.  The 
internal  organs,  apart  from  the  kidneys  and  supra-renals,  appeared  healthy. 
Both  kidneys  were  greatly  enlarged  and  in  section  showed  marked  cloudy 
swellinoj  of  the  cells  of  the  cortex  and  medulla  with  enlaroement  of  all  the 
blood  vessels.  The  supra-renals  showed  a  condition  of  acute  inflammation 
with  dilated  engorged  blood  vessels  and  swollen,  turbid  and  indistinct  cells 
in  both  cortex  and  medulla. 

This  experiment  is  important  as  showing  that  the  same  strain  which  was 
incapable  of  infecting  or  affecting  the  kitten  by  means  of  the  throat  was 
highly  pathogenic  when  injected  into  the  same  animal. 

Exp,  7.  A  rather  older  kitten  (about  two  months)  and  weighing  830  grms. 
used  for  a  combined  throat  swabbing  and  feeding  experiment. 

Throat  swabbed  with  the  w^hole  of  a  blood  serum  culture  of  another 
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Ji.  (liplitlicriac  strain  {stniiii  .1).  'IMiioat  (^xaniinorl  nffcv  fwf).  fiv(\  and  ninn 
days  sliowcd  uu  dipht  licria  ))acilli. 

Five  (lavs  aft<'r  i]\o  third  inoculation  fed  witli  milk  in  wliidi  stiain  .1  iiad 
been  irrown  for  21  hours  fortified  by  the  whole  of  a  24  hours  growtli  on  blood 
serum  of  the  same  organism. 

Feeding  with  the  same  massivr  dose  repeated  on  the  followin<,^  three  days. 
Throujihout  the  animal  remained  quite  well  and  gained  steadily  in  weight. 

Exp.  S.  Th(^  same  kitten  some  weeks  later  injected  «ubcutaneously  with 
1-8  CO.  of  a  two  days  i»lucose  broth  culture  of  strain  J,  The  kitten  showed 
a  slight  rise  of  temperature  but  no  other  symptoms  and  increased  in  wei^^ht. 
Killed  14  days  after  the  injection  showed  no  macroscopic  or  microscopic 
lesions.  The  o;rowth  in  the  broth  culture  was  scanty  and  the  kitten  weij^hed 
when  inoculated  1020  grms.  so  the  dose  was  probably  inadequate  and  this 
experiment  hardly  indicates  the  strain  was  non-virulent. 

Exp.  9.  The  nose  of  a  young  kitten  about  four  weeks  old  inoculated  heavily 
wdth  a  pure  culture  on  blood  serum  of  B.  diphtheriae  (strain  W)  transferred  on 
a  thick  blunt  platinum  needle-.  Previous  swabbings  of  nose  (both  sides)  and 
throat  showed  absence  of  any  diphtheria  bacilH-like  organisms. 

Nose  sw^ab  examined  24  hours  after  the  inoculation  failed  to  show  any 
diphtheria  bacilli  when  grown  on  blood  serum  tubes.  Both  sides  of  the  nose 
then  again  inoculated  with  B.  diphtheriae  in  the  same  way  as  before  and  each 
nostril  examined  after  48  hours  and  eight  days  showed  no  diphtheria  bacilli. 

The  animal  remained  perfectly  well  with  no  nasal  discharge  or  any 
symptom. 

Exp.  10.  It  may  be  argued  that  the  failure  to  infect  the  kittens  by  the 
throat  was  due  to  the  smooth  healthy  mucous  membrane  failing  to  aftord  a 
nidus  for  growth  and  the  following  and  some  other  experiments  w^ere  devised 
to  deal  with  this  objection. 

Thirteen  days  after  the  onset  of  Exp.  9  the  throat  of  this  kitten  was  w^ell 
painted  with  a  20  per  cent,  solution  of  silver  nitrate.  Examined  24  hours  later 
there  was  some  reddening  of  the  throat  and  superficial  ulceration  of  the  roof 
of  the  palate.  Throat  re-painted  with  the  silver  nitrate  solution.  After  a 
further  24  hours  there  w^as  definite  redness  wdth  much  mucous  and  some 
whitened  areas  on  the  palate.  The  throat  was  then  inoculated  with,  as  far 
as  possible,  the  whole  of  a  two  days  old  blood  serum  culture  of  B.  diphtheriae 
(strain  W).  Swabs  from  the  throat  24  hours  and  48  hours  after  the  B.  diphtheriae 
implantation  when  grow  n  on  blood  serum  showed  no  diphtheria  organisms. 
The  animal  remained  fairly  w^ell  but  was  quiet  and  did  not  put  on  much  weight 
but  gradually  recovered  completely. 

Exp.  11.  Eight  days  after  the  start  of  Exp.  10  this  kitten  was  injected 
subcutaneously  w^ith  2  c.c.  of  a  24  hours  broth  culture  (pea-flour  trypt  broth) 
of  the  same  B.  diphtheriae  strain  (.strain  W).  Animal  obviously  ill  24  hours  later. 
After  48  hours  very  ill,  quiet  and  refused  food.  Three  days  about  the  same 
and  after  four  days  appeared  better  but  died  on  fifth  day. 

Journ.  of  Hyg.  xvm  80 
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Postmortem  the  animal  showed  the  si^ns  noted  above  as  present  in  the 
other  injerted  kitten  except  that  the  reddeninj^  of  the  sui)ra-renais  was  trifiinji; 
or  absent.  They  showed  however  intiamniation  si^ns  when  sections  were 
made  and  stained.  The  kidneys  were  especially  engorjred  and  enlar<^ed. 
Exps.  10  and  11  show  that  this  strain  while  hi**hly  patho<>;enic  when  injected 
was  unable  to  establish  itself  upon  the  throat  of  the  same  animal  even  when 
a  definite  unhealthy  and  pathological  nidus  was  provided. 

Ex^).  12.  The  thi'oat  of  a  young  kitten  swabbed  with  as  far  as  possible 
the  whole  of  a  two  days  old  blood  serum  growth  of  B.  diphlheriae  (the  virulent 
strain  W  being  used).  Nose  (left  side)  also  inoculated  from  another  serum 
culture  of  the  same  organism.  No  diphtheria  bacilli  found  in  the  throat  when 
examined  after  24  and  after  48  hours.  Diphtheria  bacilli  found  in  the  nose  at 
the  end  of  24  hours  but  not  after  48  hours  or  subsequently.  Animal  remained 
quite  well, 

Exp.  13.  Nose  and  throat  of  another  quite  young  kitten  inoculated  heavily 
from  another  B.  diphtheriae  strain  (strain  V).  Both  nose  and  throat  were  free 
from  diphtheria  bacilli  when  examined  after  24  and  48  hours. 

Exp.  14.  This  same  kitten  was  then  fed  on  eleven  occasions  over  14  days 
with  a  pea-flour  broth  culture  of  B.  diphtheriae  (strain  W).  This  broth  gave 
abundant  growth  and  over  this  period  as  much  as  100  c.c.  of  broth  culture 
was  administered.  No  illness  or  symptoms  of  any  kind.  The  animal  steadily 
increased  in  weight  and  the  postmortem  examination  3|  weeks  after  the 
commencement  of  the  feeding  showed  no  abnormalities. 

Exp.  15.  The  hard  palate  (as  far  back  as  possible)  of  another  young  kitten 
was  scarified  by  a  scalpel  makmg  a  number  of  superficial  lesions.  A  B.  diph- 
theriae (strain  W)  blood  serum  culture  transferred  on  a  sterile  swab  was  then 
at  once  well  rubbed  into  these  superficial  lesions.  The  animal  remained  quite 
well  and  examined  24  and  48  hours  after  show^ed  no  membrane  or  other 
lesions  nor  could  diphtheria  bacilli  be  cultivated  from  the  swabs  taken  al- 
though a  good  many  tubes  were  used. 

Exp.  16.  Throat  of  a  young  kitten  swabbed  with  a  strong  solution  of 
silver  nitrate.  Examined  24  hours  after  there  was  a  well  marked  slough.  The 
throat  was  inoculated  with  a  blood  serum  culture  of  diphtheria  bacilli.  The 
animal  was  very  ill  and  as  it  was  in  pain  was  killed.  Here  the  throat  treatment 
w^as  too  severe  but  swabs  after  24  hours  showed  no  diphtheria  bacilH  and 
postmortem  there  was  no  evidence  of  any  true  membrane  although  sloughs 
over  the  hard  palate.  Films  from  throat  and  trachea  showed  no  bacilli  like 
B.  diphtheriae. 

Exp.  17.  The  nose  of  another  young  kitten  inoculated  heavily  with 
B.  diphtheriae  (strain  W).  Nose  swabs  taken  previously  showed  no  bacilli 
at  all  like  diphtheria  organisms.  Nose  examined  after  24  hours  and  after 
48  hours  showed  diphtheria  bacilli  colonies  on  the  blood  serum  tubes  and 
apparently  more  abundant  after  the  longer  period.  None  found  after  four 
and  five  days.    Unfortunately  not  examined  after  three  days.    The  animal 
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rcMuaiiUHl  |)(Mf(M-tIy  well,  ;;aiii(Ml  in  \v(M;^'lit,  had  no  nasal  discharge  and  post- 
niortrni  sliowcd  no  losions. 

Exp.  18.  Nose  of  another  kitten  inoculated  heavily  with  two  separate 
strains  of  li.  di pJilhcridv  (strains  W  and  V). 

After  24  hours  diphtheria  bacilli  readily  grown  from  th(^  nose.  Koimd 
])ul  less  readily  aft  cm-  1<S  liours.  Kxaniined  after  four  days  the  bacilli  were 
found  ill  the  cultures  but  with  great  difficulty  and  could  not  be  found  at  all 
after  five  and  six  days.  The  kitten  remained  perfectly  well  throughout,  in- 
creased in  weight  and  sliow'ed  no  nose  discharge  or  other  local  lesions. 

Eji'p.  19.  The  nose  of  another  kitten  inoculated  heavily  with  another 
B.  diphtheriae  strain  (strain  R)  isolated  a  day  or  two  previously  from  an  acute 
case  of  diphtheria.  After  24  hours  a  few  diphtheria  bacilli  were  grown  from 
the  nose  but  none  after  48  hours,  four  and  five  days.  Animal  remained  per- 
fectly well  without  any  local  or  general  symptoms. 

RexMarks  on  the  Experiments. 

The  results  obtained  with  these  young  kittens  are  exceptionally  uniform 
and  concordant.  It  was  found  impossible  to  infect  them  by  throat  swabbing 
although  very  massive  doses  were  invariably  used,  as  many  as  10  different 
strains  employed  and  all  of  them  were  quite  recently  isolated  from  acute 
human  cases  of  diphtheria.  Further,  four  of  the  strains  used  were  proved  to 
be  of  high  virulence  and  two  definitely  killed,  when  subcutaneously  injected, 
young  kittens  they  were  unable  to  infect  by  natural  channels  of  entry.  The 
same  failure  to  infect  these  animals  with  diphtheria  or  any  local  lesion  was 
experienced  when  mixed  cultures  direct  from  human  throats  were  used  or 
when  an  artificial  nidus  for  local  growth  was  provided  by  chemical  or 
mechanical  means.  Not  only  did  the  baciUi  not  infect  but  they  failed  to 
survive  even  and  although  such  massive  doses  were  inoculated  they  in- 
variably disappeared  after  as  short  a  period  as  24  hours. 

The  implantations  of  vast  numbers  of  diphtheria  bacilli  into  the  nasal 
cavities  were  equally  ineffective  in  setting  up  any  local  or  general  lesions  and 
(what  I  did  not  expect  to  find)  were  unable  even  to  survive  beyond  a  very 
short  period.  In  only  one  experiment  was  there  possible  evidence  of  increase 
and  only  in  one  instance  could  the  most  diligent  examination  trace  their 
persistence  beyond  four  days. 

The  feeding  experiments  w^ere  also  unsuccessful  and  the  kittens  consumed 
vast  numbers  of  virulent  diphtheria  bacilli  without  the  slightest  evidence  of 
harm. 

These  experiments  so  far  from  supporting  the  view  that  diphtheria  is  a 
naturally  occurring  disease  of  cats  suggests  that  the  secretion  from  the  mucous 
membranes  of  the  cat  are  peculiarly  unfavourable  to  the  growth  of  the 
diphtheria  bacillus  and  will  not  even  permit  it  to  remain  as  a  saprophyte. 


30—2 


460  Diphthcr'ui 

CRITICAL  CONSIDERATION  OF  THE  AVAILABLE  FACTS. 

There  are  two  separate  possibilities.  On  the  one  hand  there  is  the  su<!;<zestion 
that  cats  themselves  may  be  affected  with  disease  due  to  their  infection  with 
the  diphtheria  bacillus,  and  which  therefore  may  be  appropriately  desij^nated 
as  cat  diphtheria,  while  on  the  other  hand  we  have  to  consider  the  possibility 
that  these  animals  may  act  as  carriers  of  diphtheria  infection  by  harbouring 
the  bacilli  in  their  nose  or  throat  or  by  their  fur  becoming  infected. 

As  regards  the  first  possibility  it  must  be  accepted  from  the  work  of  Klein 
and  others,  corroborated  by  my  own  experiments,  that  cats  are  not  immune 
to  the  toxins  of  B.  iliphtJieriae  and  that  when  these  are  introduced  under  the 
skin  or  by  other  means  such  as  direct  injection  into  the  trachea  fatal  results 
may  occur  with  the  development  of  pathological  lesions  not  dissimilar  from 
those  which  are  observed  when  guinea  pigs  or  other  animals  are  similarly 
injected.  This  of  course  no  more  proves  or  even  suggests  that  cats  suffer  from 
diphtheria  than  it  does  that  guinea  pigs  so  suffer  or  the  latter  animals  from 
typhoid  fever  because  they  succumb  to  the  injection  of  typhoid  bacillus  toxins. 

A  study  of  the  experimental  data  in  favour  of  cats  suffering  from  diph- 
theria detailed  in  the  first  part  of  this  paper  shows  that  the  evidence  is  extremely 
weak  and  unconvincing  and  does  not  warrant  the  interpretation  placed  upon  it. 
My  own  considerable  series  of  experiments,  testing  by  many  different  ways 
the  possibilities  of  natural  infection,  are  in  direct  opposition  to  the  widely 
accepted  view  that  cats  can  suffer  from  a  kind  of  diphtheria. 

The  evidence  which  has  been  adduced  from  the  association  of  human 
diphtheria  cases  with  cases  of  illness  amongst  cats  whose  throats  are  said  to 
show  diphtheria  bacilli  must  be  regarded  as  valueless  in  almost  every  case, 
for  the  following  two  reasons. 

In  all  the  instances  that  I  have  been  able  to  find,  with  the  exception  of 
one  case  recorded  by  Barras  and  possibly  Case  5  of  my  series,  the  diagnosis 
rests  entirely  upon  the  presence  in  the  throat  of  the  cats  of  bacilli  morphologi- 
cally like  B.  diphtheriae.  Barras  does  not  mention  the  steps  he  took  to  identify 
his  bacillus  and  one  cannot  exclude  the  possibility  of  it  being  a  pseudo-diph- 
theria bacillus.  The  results  recorded  above  show  that  in  normal  cats  no  less 
than  66  per  cent,  show^ed  bacilli  which  without  isolation  and  study  in  pure 
culture  I  was  unable  to  exclude  as  not  true  diphtheria  bacilli.  In  my  series  of 
cats  associated  with  cases  of  human  diphtheria  both  Cases  1  and  4  would 
without  doubt  have  been  classed  and  accepted  as  proved  cases  of  diphtheria 
in  cats  although  a  more  complete  investigation  quite  refuted  this  assumption. 

The  second  reason  is  that  the  fact  that  the  cat  or  cats  were  ill  does  not 
supply  even  prima  facie  evidence  for  suggesting  that  the  human  and  cat 
conditions  were  related. 

It  is  recognised  by  veterinary  authorities  that  cats  suffer  from  illness  with 
symptoms  which  in  some  respects  are  analogous  to  those  of  human  diphtheria 
but  which  are  certainly  not  cases  of  diphtheria  or  due  to  B.  diphtheriae. 
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Oray  (1890),  for  oxainplc,  slutos  that  tlio  so-callod  diphthoria  in  the  cat 
is  a  ('()nta<,n()us  disoaso  of  tlio  rat,  ('haracterised  by  tlic  j)rcsencc  of  diplitlioritic 
ineiiibraiu's  on  the  fauces,  pharynx  or  larynx  and  due  to  some  niicro-orj^anisni 
not  yet  determined.   The  disease  has  a  mortality  of  (piite  90  per  cent. 

(Jofton  (1913)  says  that  the  kidney  (condition  described  by  Khun  as  patho- 
iiiioniic  is  an  exceedin<rly  coninKui  condition  of  the  cat's  kidney.  He  adds 
"affections  presentinuj  diphtheritic  characters  are  met  with  in  the  cat  and 
occur  independently  of  human  diphtheria,  but  the  bacteriological  investigation 
of  these  affections  has  up  to  the  present  always  resulted  in  a  failure  to  demon- 
strate the  j)resence  of  the  human  bacillus."  With  a  prevalent  disease  such  as 
human  diphtheria  and  a  not  very  rare  illness  of  cats  with  the  above  symptoms 
it  is  obvious  that  the  two  will  be  associated  together  in  a  certain  proportion 
of  cases.  I  investigated  my  first  cases  of  supposed  cat  diphtheria  (with  negative 
results,  not  recorded  here)  just  over  20  years  ago  and  I  have  been  on  the  look 
out  for  associated  cases  ever  since  and  undoubtedly  the  association  of  the 
two  conditions  is  infrequent.  In  fact  we  shall  probably  be  correct  in  affirming 
that  the  two  diseases  are  not  associated  together  in  any  higher  proportion  than 
the  relative  frequency  of  the  two  conditions  mathematically  postulates.  There 
are  therefore  no  grounds  for  the  assumption  so  commonly  made  that  when  the 
tw^o  conditions  do  happen  to  coincide  we  should  assume  a  relationship  of 
cause  and  effect  between  the  two. 

The  interesting  cases  of  illness  in  cats  recorded  by  Webb  {loc.  cit.)  are 
clearly  examples  of  this  infectious  disease  in  cats  and  there  is  no  justification 
for  dragging  in  the  human  factor  to  account  for  them. 

My  experimental  work  affords  no  support  to  the  suggestion  that  the  cats 
may  act  as  carriers  by  the  bacilli  living  in  their  throat  or  nose.  On  the  contrary 
it  would  appear  that  the  mucous  membranes  of  these  animals  are  particularly 
inimical  to  these  bacilli  and  that  even  under  the  most  favourable  circumstances 
they  are  unable  to  multiply  or  even  survive  for  more  than  a  trifling  period. 
That  the  fur  of  these  animals  may  be  infected  with  these  bacilli  is  of  course 
quite  a  possibility  and  there  is  some  experimental  evidence  in  its  favour 
{e.g.  Remlinger,  1906)  but  in  view^  of  the  low  resistance  powers  of  B.  diphtheriae 
this  is  probabty  an  unimportant  factor  in  the  spread  of  the  disease. 

Summing  up  the  matter  I  am  of  opinion  that  the  common  and  widely 
accepted  view  that  cats  can  suffer  from  a  naturally  acquired  disease  caused 
by  the  diphtheria  bacillus  is  entirely  without  foundation. 

The  reported  cases  of  such  an  association  are  based  upon  insufficient 
examination  and  differentiation  of  the  bacilli  due  to  a  failure  to  reahse  that 
a  large  proportion  of  healthy  normal  cats  contain  in  their  throats  bacilli 
which  closely  resemble  and  are  difficult  to  distinguish  from  the  true  B.  diph- 
theriae. 
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A  NOTE  ON  -'DEFENCJE  HUrTUIIK"  AND  THE 
ACrnON  OF  ELECrniOLYTKS. 

By  W.  CRAMER  and  W.  E.  CYE. 

Imj)erial  Cancer  Research  Fund,  London. 

The  etiology  of  tetanus  and  gas  gangrene  presents  a  biological  problem  of  an 
unusual  nature.  When  the  organisms  which  cause  these  diseases  are  deprived 
of  toxin,  by  washing  in  tap-water  saline  or  by  washing  and  then  heating,  they 
are  non-pathogenic  to  laboratory  animals.  Jn  a  recent  investigation  of  the 
problem  1  we  have  shown  that  soluble  ionisable  calcium  salts  enable  detoxi- 
cated  B.  tetani,  B.  Welckii,  B.  oedematiens  and  vihrion  septique  to  exert  their 
pathogenic  powers.  We  concluded  that  calcium  owes  this  property  to  its  local 
action  on  the  tissues. 

Our  conclusions  have  been  criticised  by  Shearer^,  who  offers  an  alternative 
explanation  of  the  facts.  Shearer  has  shown  that  the  unbalanced  Na  ion 
rapidly  kills  the  meningococcus,  and  has  brought  forward  evidence  to  prove 
that  the  pneumococcus  and  B.  anthracis  lose  their  pathogenicity  when  treated 
with  a  solution  of  pure  NaCl  in  distilled  water.  His  explanation  of  our  work 
is  that  by  washing  in  sahne  the  gas  gangrene  bacilli  are  robbed  of  their 
pathogenicity  which  is  restored  by  adding  Ca.  According  to  Shearer  our 
experiments  are  examples  of  the  interaction  of  bivalent  and  monovalent  ions 
on  the  normal  stability  of  the  cell  wall.  We  think  our  previous  papers  contain 
sufficient  evidence  to  nullify  Shearer's  view  of  our  work.  The  following 
experiments  show  it  to  be  incorrect. 

Experiment  1. 

A  large  tube  of  meat  broth  was  inoculated  with  spores  of  vihrion  septique 
which  had  been  kept  in  tap- water  saline  at  room  temperature  for  15  months. 
In  24  hours  there  w^as  a  vigorous  growth  with  evolution  of  gas.  The  culture 
was  kept  at  37°  C.  for  48  hours  and  was  then  washed  twice  in  Ringer's  solution^. 
The  final  thick  deposit  of  particles  of  meat  and  spores  was  heated  in  vaccine 
phials  to  80°  C.  for  25  minutes.  On  the  3rd  December,  equal  quantities  of 
the  spores  were  added  to  (A)  5  c.c.  of  Ringer,  and  (B)  2-5  c.c.  of  Ringer  to 
which  2-5  c.c.  of  a  1  per  cent,  solution  of  CaClg  was  added.  Ten  mice  were 
then  inoculated  with  suspension  (A)  and  ten  witli  suspension  {B). 

1  Proc.  Roy.  Soc.  Ser.  b,  xc.  513;  also  ^th  Scientific  Report,  Imptrial  Cancer  Research  Fund. 

2  Journ.  of  Hygiene,  xviii.  337. 

3  Composition:  NaCl  0-77  %;  KCl  0-024  %;  CaCla  00208  %. 
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Action  of  Electroh/tes 


{A)  Mice  1  to  10. 


Inoculum 

.Suspension   of  v.    s. 
spores  in  Ringer. 


Dose  and  Hite 
05  c.c.  riglit  Hank. 


[B)  Mice  11  to  20. 


Suspension  of  spores 
in  ei|ual  quantities 
of  Ringer  and  I  *\, 
C*aC'l.>. 


0-5  c.c.  right  tiank. 


Result 

4  Dec.  All  alive  and  well. 
The  animals  remained  in 
good  health.  On  10  Dec. 
each  was  injected  with 
0-5  c.c.  of  1  %  CaCl.^:  11 
Dec.  all  were  dead  of  gas 
gangrene. 

4  Dec.  9  dead  of  gas  gangrene ; 
1  alive  and  well.  This 
animal  remained  in  good 
health.  On  10  Dec.  it  was 
injected  with  0-5  c.c.  of  D*„ 
CaCla :  1 1  Dec.  dead  of  gas 
gangrene. 

Experiment  2. 

4tli  December.  A  tube  of  serum  agar  was  inoculated  with  spores  of  vihrion 
septique  and  the  tube  incubated  anaerobically.  6th  December  a  thick  growth 
of  a  pure  culture  of  vihrion  sepique.  The  culture  was  taken  off  from  the 
surface  of  the  serum  agar  by.  means  of  a  platinum  loop  and  was  emulsified 
in  1  c.c.  of  Ringer;  0-5  c.c.  of  the  emulsion  was  added  to  (A)  3  c.c.  of  Ringer 
and  0-5  c.c.  to  (B)  a  mixture  of  1-5  c.c.  of  Ringer  and  1-5  c.c.  of  1  per  cent. 
CaClg. 

Six  mice  were  inoculated  with  the  suspension  in  Ringer  and  six  animals 
with  the  suspension  in  Ringer  +  CaClg. 


(.4)  Mice  1  to  6. 


Inoculum 

Suspension  of  organ- 
isms in  Ringer. 


Dose  and  site 
0-5  c.c.  right  flank. 


(B)  Mice  7  to  12. 


Suspension  of  organ 
isms  in  Ringer  4 

Experiment  3 


isms 
CaCTa. 


0-5  c.c.  right  flank.       7 


Result 

Dec.  Five  alive  and  well. 
One  dead  of  gas  gangrene. 
The  five  mice  remained  in 
good  health.  10  Dec.  In- 
oculated with  0-5  c.c.  1  % 
CaClg.  11  Dec.  All  dead 
of  gas  gangrene. 
Dec.  All  dead  of  gas  gan- 
grene. 


4th  December.   A  culture  of  B.  Welchii  in  meat  broth  was  made. 

5th  December.  Vigorous  growth.  Culture  pure.  50  c.c.  of  culture  centri- 
fuged  and  broth  pipetted  off  from  deposit,  which  was  then  washed  thrice  with 
sterile  Ringer.  The  final  deposit  was  emulsi/ied  in  1  c.c.  Ringer;  0-5  c.c.  of 
the  emulsion  was  added  (A)  to  3  c.c.  of  Ringer;  (B)  0-5  c.c.  to  a  mixture  of 
1-5  c.c.  Ringer  and  1-5  c.c.  1  per  cent.  CaClg. 


The  following  inoculations  were  made: — 


Inoculum 


Dose  and  site 


Result 


{A)  Mice  1  to  6. 


Suspension     of     J5.  0-5  c.c.  right  flank.       All  alive  and  well;  the  mice 

Welchii  in  Ringer.  have    remained    in    good 

health. 

(B)  Mice  7  to  12.         Suspension     of     B.  0-5  c.c.  right  flank.       All  the  mice  died  within  36 

Welchii  in  Ringer  hours  of  gas  gangrene. 
andCaClo. 

(C)  Mice  13  to  18.       Whole    meat    broth  0-25  c.c.  right  flank.      All  mice  died  within  36  hours 

culture  of  B.  Wei-  of  gas  gangrene. 
chii. 
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THK  (X)NTAMINATTON  OF  OYSTERS. 

Bv  A.  T.  NANKIVELL,  M.D.  (Lond.),  D.IMT.  (Camv,.), 
Medical  Officer  of  Healthy  Poole, 

AND  SEiKiT  J.  M.  STANLEY,  A.A.M.C. 

(With  1  chart.) 

TOPOGRAPHY  AND  TIDES. 

The  Harbour  of  Poole  lies  a  few  miles  to  the  West  of  Bournemouth.    It  has 

an  area  approximately  of   10,000  acres,  but  there  is  only  a  very  narrow 

passage  between  its  waters  and  the  open  sea.  The  width  of  this  bottle-neck 

entrance  is  about  250  yards.  The  last  published  Admiralty  chart  gives  the 

rate  of  the  incoming  tide  through  this  narrow  entrance  at  3J  knots,  and  of  the 

outgoing  tide  at  4  knots.  The  local  opinion  is  that  these  official  rates  err  on 

the  moderate  side.  The  rapid  ebb  and  flow  of  the  tides  has  an  influence  in  the 

bacteriology  of  the  oysters  within  the  harbour. 

The  presence  of  the  Isle  of  Wight  to  the  eastward  causes  Poole  Harbour 

and  Bournemouth  Bay  to  have  four  tides  instead  of  the  usual  two.    About 

three-quarters  of  an  hour  after  the  first  high  water  the  tide  begins  to  ebb;  but 

about  22  hours  later  it  is  high  again.  The  first  flood  tide  begins  4|  hours 

before  high  water. 

OYSTERS. 

For  many  years  past  the  oysters  dredged  from  Poole  Harbour  and  from 
Bournemouth  Bay  have  been  contaminated.  The  reports  of  various  Medical 
Officers  have  associated  these  oysters  with  cases  of  Enteric  Fever.  One  of  the 
present  writers  has  known  of  Enteric  Fever  which  occurred  after  eating 
Poole  or  Bournemouth  oysters:  no  other  possible  cause  of  the  disease  could 
be  ascertained  in  these  cases.  Samples  of  oysters  have  been  taken  infrequently 
and  at  irregular  intervals  in  the  past  and  examined  bacteriologically:  they 
were  found  by  various  bacteriologists  to  be  polluted,  more  or  less  heavily, 
with  B.  coli,  and  sometimes  with  Streptococci  and  B.  welchii  (Table  I).  At  the 
present  time  Poole  oysters  cannot  be  dredged  except  for  relaying,  and  this 
ban  upon  them  is  of  considerable  financial  loss  to  the  district. 

THE  PRESENT  ENQUIRY. 

Early  in  1914  one  of  us  (A.T.N.)  was  appointed  to  the  post  of  Medical 
Officer  of  Health  to  the  Borough  and  Port  of  Poole,  and  before  the  outbreak 
of  war  he  had  begun  some  research  work  on  the  subject  of  the  pollution  of 
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the  harbour  water  and  of  the  oysters,  hoping  by  this  to  settle  once  and  for 
all,  by  a  thoroui^h  investi<i;atioii,  many  details  concornino  the  oyster  pollution, 
which  had  been  unsatisfactorily  dealt  with  in  the  past  by  other  observers  in 
a  partial  manner  and  unconvincingly.  This  earlier  research  was  necessarily 
interrupted,  but  on  his  return  to  the  Boroui^h  the  investi<f;ations  were  con- 
tinued. The  enquiry  was  directed  towards: 

1.  The  source  of  pollution  of  the  oysters. 

2.  The  nature  of  the  infecting  micro-organisms. 

3.  The  discovery,  if  possible,  of  a  suitable  relaying  place;  and 

4.  In  the  absence  of  this,  the  effect  of  sterilisation  by  chlorinated  sea- 
water. 

Towards  the  cost  of  this  research  the  Borough  Council  of  Poole  made  a 
contribution  of  five  pounds,  and  the  Southern  Sea  Fisheries  Board  a  grant  of 
a  similar  amount.  All  the  work  referred  to  in  this  paper  was  done  at  the 
Poole  Borough  Laboratory;  and  we  should  like  here  to  express  our  apprecia- 
tion of  the  help  given  to  us  by  our  Laboratory  Attendant,  S.  Marshall,  who 
prepared  most  of  our  culture  media,  and  aided  us  generally  in  the  work. 

TECHNIQUE. 

Samples  both  of  sea-water  and  of  minced  oysters  were  plated  in  neutral- 
red-bile-salts-peptone-lactose-agar.  Both  single  strength  and  double  strength 
were  used — the  latter  for  the  plates  of  10  c.c.  and  upwards.  Of  the  sea-water 
we  plated  varying  quantities  from  ()•!  c.c.  to  15-0  c.c;  and  examined  in 
MacConkey  Lactose  tubes  quantities  from  20  c.c.  to  100  c.c.  We  should  like 
here  to  insist  that  plate  cultivation  gives  more  accurate  results  than  can  be 
obtained  by  the  use  of  liquid  media.  If  a  20  c.c.  tube  shows  acid  and  gas 
it  cannot  accurately  be  estimated  exactly  how  many  lactose  fermenters  were 
present:  if,  however,  four  plates  each  of  5  c.c.  are  made,  then  the  number  of 
lactose  fermenters  can  be  seen  and  correctly  counted.  Gradually,  as  the  work 
progressed,  we  used  more  plates  and  fewer  tubes.  Apart  from  this,  our 
technique  was  that  usually  employed  in  the  examination  of  samples  of 
drinking  water,  as  far  as  the  sea-water  was  concerned.  When  dealing  with  the 
oysters  we  cleansed  the  outsides  of  the  shells  by  thorough  scrubbing  under 
running  water.  The  oysters  were  then  opened  with  a  sterilised  knife,  and  the 
contents  finely  minced  before  removal  from  the  concave  shell.  Each  oyster 
was  then  emulsified  in  100  c.c.  of  sterile  saline.  In  dealing  with  oysters  which 
were  presumably  polluted,  plates  of  0-5  c.c,  1  c.c.  and  5  c.c.  of  the  emulsion 
were  made.  When  examining  oysters  after  relaying  we  used  six  plates  each 
of  5  c.c  and  two  plates  each  of  10  c.c.  Saline  emulsion  corresponding  to  half 
an  oyster  was  therefore  plated  and  examined.  On  several  occasions  we 
checked  our  plate  results  by  inoculating  a  series  of  MacConkey  Lactose  tubes. 
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'rnK  s()UK(n<:  or  pollution  ok  thi<:  oysters. 

'r]\o  lirsl,  ovHtors  cxniiiiiicd,  lakcii  lioiii  a  Uniik  just,  insi(l(i  the.  Iiiirbour 
inoiitli.  sli()\v<'(l  (he  pivsciicc  of  many  lactose  fermonters — about  700  per 
oyster.  (|uile  enouuli  in  oiii- o|)iinoii  to  cond*'!!)!!  tlicni.  (See  Table  I.)  We  had 
tiuMi  to  decide  from  what  (|uarter  this  pollution  came;  did  it  ori<rinate  within 
the  hari)oiii-  of  Pooh'.  (»r  was  it  brou.^ht  in  from  the  outside? 

Table  L 
Poole  and  Bournemouth  Bay  Oysters,  1914-1911). 

Date  Place  Bacteriological  findings 

May,  1914  Poole  Harbour  700  lactose  fermenters  per  oyster 

June,  1914  Poolo  Harbour  Streptococci  and  B.  welchii  in  ,?,,-,  of  an  oyster 

June,  191 1  Poole  Harl)our  1500  lactose  fermenters  i)er  oyster 

May,  1915  Poole  Harbour  3000  lactose  fermenters  per  oyster 

Nov.  1915  Poole  Harbour  B.  coli  and  .sireptnrocci  in  I  c.c. 

Sept.  1919  Poole  Harbour  2400  lactose  fermenters  per  oyster 

Oct.  1919  Bournemouth  Bay         1500  lactose  fermenters  per  oyster 

To  settle  this  question  we  took  half  hourly  samples  of  the  water  at  the 
bottle-neck  entrance  to  the  harbour  from  Sandbanks  Pier  (see  chart).  The 
samples  were  taken  throughout  several  tides.  They  were  obtained  in  sterilised 
bottles  from  a  depth  of  three  feet  below  the  surface  by  means  of  a  specially 
designed  plunger.  The  samples  were  sent  by  bicycle  or  motor-car  to  the  labor- 
atory four  miles  away,  and  were  plated  and  tubed  within  a  few  hours  of  being 
taken.  The  first  results  were  a  surprise  to  us,  and  the  experiment  was  therefore 
repeated  over  two  other  tides.  The  second  series  of  plates  however  showed 
results  which  were  generally  constant — sufficiently  so,  at  any  rate,  to  prove 
without  any  doubt  that  the  first  incoming  tide  brought  many  lactose  fer- 
menters into  the  harbour;  that  on  the  second  tide  not  so  many  were  brought 
in,  and  that  the  water  at  outgoing  tides  was  comparatively  clean  and  free 
from  micro-organisms  (Table  II).  The  pollution  of  the  oyster  beds  therefore 
came  in  from  the  open  sea;  and  not  from  the  Town  of  Poole  or  from  the 
rivers  that  flow  into  the  top  of  the  Harbour. 

A  knowledge  of  the  local  sewage  outfalls  and  of  the  tides  in  the  bay  will 
explain  how  these  faecal  organisms  can  make  their  way  in  from  the  open  sea. 
All  the  sewers  of  Bournemouth  and  of  Poole  discharge  into  the  sea,  and  not 
into  the  harbour:  the  sewage  is  carried  out  in  the  ebb  tide  in  the  direction  of 
the  headland  known  as  Old  Harry.  On  arrival  in  this  neighbourhood  it  is 
met  by  the  strong  incoming  tide  and  pushed  into  Poole  harbour.  Subsidence 
of  micro-organisms  and  certainly  of  macroscopical  pieces  of  sewage  takes 
place  here,  and  this  explains  the  finding  that  the  water  leaving  the  harbour 
is  cleaner  than  that  which  comes  in. 

Having  satisfied  ourselves  by  these  water  samples,  taken  at  Sandbanks, 
that  the  pollution  came  in  on  the  first  high  tide,  we  next  proceeded  to  ascertain 
how  the  water  in  different  parts  of  the  harbour  was  affected.   We  followed  up 
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tho  Main  C'hainiel  takinjj;  samples  at  SalicMns,  at  I fani worthy  and  oH"  Kusscll 
Qiiav  during  dinVrcnt  sta;;('s  of  the  tide:  these  were  infected,  but,  speakinj^ 
pjenerally,  not  so  heavily  as  the  water  at  Sandbanks.  We  found  the  same  in 
the  South  Channel  at  lledhoiii  and  at  (loathorn,  and  in  the  Wych  Channel 
opposite  the  Ower  (Tabh'  II). 

At  these  places  we  did  not  repeat  our  observations  ov(;r  several  days,  nor 
take  so  many  samples  there  seemed  to  be  no  need  since  none  of  the  results 
were  at  variance  with  oni-  earlier  observations  at  Sandbanks. 


IDENTITY  OF  MICRO-ORGANISMS. 

We  were  not  able  to  make  a  prolonged  and  thorou^i^h  investigation  of  the 
lactose  fermenting  organisms  which  we  isolated  from  the  sea-water  and  from 
oysters.  One  of  us  (J. M.S.)  had  only  four  months  to  spend  on  non-military 
employment  in  this  country  before  his  return  to  Australia,  and  it  was  possible 
therefore  systematically  to  examine  only  a  small  proportion  of  the  organisms 

Table  II. 

Showing  mimher  of  lactose  fermenting  organisms  in  10  c.c.  of  the  sea-water 
at  various  places  at  different  stages  of  the  tide. 


Hours 
State  of            after  low- 
tide                  water 

Sand- 
banks 
Pier 

Sand- 
banks 
Pier 

Sand- 
banks 
Pier 

Sal- 
terns 

Ham- 
worthy 

Russell 
(iuay 

South 

Clian- 

nel 

lled- 
horn 

(Joat- 
horn 

\N^vch 

Ower 

Ship 
stall 

Low  water 

0 

0 

1 

0 

- 

- 

- 

- 

- 

- 

- 

- 

- 

.       i 

0 

2. 

1 

- 

- 

0 

- 

- 

- 

- 

- 

0 

1 

1 

0 

3 

0 

— 

- 

0 

- 

- 

- 

- 

0 

0 

1 

H 

1 

2 

1 

- 

- 

1 

- 

1 

- 

1 

0 

0 

Incoming     ; 
tide          1 

2 

14 

38 

0 
6 

12 
20 

10 
12 

10 

0 
20 

— 

1 
0 

: 

3 

10 

0 
0 

0 
0 

3 

56 

14 

24 

12 

30 

44 

- 

26 

- 

12 

0 

0 

,      3^ 

86 

20 

32 

14 

16 

8 

- 

14 

- 

- 

0 

0 

4 

100 

48 

48 

26 

- 

70 

- 

- 

- 

- 

0 

0 

1st  high  water 

^ 

82 

12 

8 

2 

- 

15 

2 

- 

- 

- 

- 

0 

5 

6 

1 

2 

- 

- 

7 

1 

- 

- 

- 

- 

0 

H 

2 

0 

1 

- 

- 

0 

28 

- 

1 

- 

- 

(J 

6 

0 

0 

0 

- 

- 

0* 

10 

- 

1 

- 

- 

0 

6i 

0 

0 

0 

- 

- 

0 

5 

1 

4 

- 

- 

0 

7 

0 

0 

0 

- 

- 

0 

- 

0 

1 

- 

- 

0 

n 

0 

0 

0 

- 

- 

0 

- 

0 

- 

- 

- 

0 

2nd  high  water     8 

0 

0 

0 

- 

- 

1 

- 

1 

- 

- 

0 

0 

f    H 

1 

1 

0 

- 

- 

0 

- 

- 

- 

- 

0 

0 

9 

1 

0 

1 

- 

- 

3 

- 

- 

- 

- 

1 

0 

Outpjoing     J 
tide 

10 
101 

0 
2 

3 

1 

2 

0 

0 

1 

0 

- 

- 

1 
0 

1 

- 

- 

- 

- 

0 
0 
0 

0 

0 
0 

11 

1 

1 

0 

- 

- 

0 

- 

- 

- 

- 

- 

0 

I  lli 

0 

0 

0 

- 

- 

0 

- 

- 

- 

- 

- 

0 

Low  water 

12 

0 

0 

0 

- 

- 

- 

- 

- 

- 

- 

- 

0 

Note. — Although  no  lactose  fermenters  were  found  in  any  quantity  of  10  c.c.  of  Shipstall 
water  examined,  yet  acid  and  gas  were  produced  in  100  c.c.  tubes.  No  change  was  however 
found  in  75  c.c.  tubes. 
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that  we  found  duiin«i  our  routine  examination  of  the  plates  and  tubes.  In  all, 
27  lactose  feinientin';  organisms  were  subcultured.  Their  rnorpholo«)jy  was 
considered  and  they  were  examined  re^ardinj^  their  behaviour  to  Oram's 
stain.  They  were  tested  also  for  motility.  Their  fermentation  reactions  were 
examined  in  peptone  water  containin*^  lactose,  saccharose,  <rlucose  and 
dulcite.  Their  Indole  Reactions  and  their  Vosges-Proskauer  Reactions  were 
deterred.  It  will  be  seen  from  Table  III  that  the  majority  of  these  organisms 
proved  to  be  "coliform"  in  nature. 


Table  III. 

Lactose  fermenting  organisms  in 

Morphology                   Glucose          Lactose        Saccharose 

sea-water. 

Dulcite       Indole 

Litmus 
milk 

Motility 

1. 

Gram-bacillus 

A  &  G 

A&G 

A&G 

A&G 

+ 

A&C 

+ 

2. 

» 

AifeG 

A&G 

- 

A&G 

+ 

A&C 

- 

3. 

»» 

A&G 

A&G 

- 

- 

- 

A 

V 

4. 

)> 

A&G 

A&G 

A&G 

A&G 

+ 

A&C 

- 

6. 

,, 

A&G 

A&G 

A&G 

A&G 

+ 

A&C 

+ 

6. 

(Jram  +  coccus 

- 

A&G 

- 

- 

- 

A 

- 

7. 

Gram-bacillus 

A&G 

A&G 

A&G 

- 

+ 

A&C 

- 

8. 

*> 

A&G 

A&G 

A&G 

A&G 

+ 

A&C 

- 

9. 

»» 

A&G 

A&G 

A&G 

A&G 

- 

A&C 

+ 

10. 

ff 

A&G 

A&G 

A&G 

- 

+ 

A&C 

+ 

11. 

»» 

A&G 

A&G 

A&G 

A&G 

+ 

A&C 

+ 

12. 

>» 

A&G 

A&G 

- 

A&G 

+ 

A 

- 

13. 

>> 

A&G 

A&G 

0 

A&G 

+ 

0 

+ 

14. 

»» 

A&G 

A&G 

A&G 

A&G 

+ 

0 

- 

15. 

»> 

A&G 

A&G 

- 

A&G 

+ 

0 

- 

16. 

9> 

A&G 

A&G 

0 

A&G 

- 

0 

') 

17. 

«» 

A&G 

A&G 

A&G 

A&G 

- 

0 

+ 

18. 

,, 

A&G 

A&G 

- 

A&G 

+ 

0 

- 

19. 

Gram -bacillus 

A&G 

A&G 

0 

A 

- 

0 

- 

20. 

Gram  +  coccus 

A 

A 

0 

A 

0 

0 

- 

21. 

Gram-bacillus 

A 

A 

- 

A 

- 

0 

- 

22. 

>> 

A&G 

A&G 

A&G 

A&G 

- 

0 

+ 

23. 

») 

A&G 

A&G 

- 

A 

- 

0 

+ 

24. 

»« 

A 

A  &  G 

0 

A&G 

+ 

0 

- 

25. 

>» 

A 

A 

- 

A 

- 

0 

+ 

26. 

Gram  +  coccus 

A 

A&G 

- 

A 

- 

0 

- 

27. 

Gram-bacillus 

A&G 

A&G 

- 

A&G 

- 

0 

- 

Not 

e. — A  &  G=acid  ai 

nd  gas.     + 

=  Indole   1 

production. 

-  =  no  chan 

ge.    0 

==not  ex 

amined. 

A  =  acid  only.  A  &  C  =  acid  and  clot.  Nos.  1-12  are  organisms  obtained  from  sea-water  in  1914. 
Nos.  13-27  are  organisms  recovered  from  sea- water  and  oysters  in  1919.  None  of  the  organisms 
except  No.  3  gave  a  positive  Vosges-Proskauer  Reaction. 

It  has  been  shown  by  other  workers  that  intestinal  organisms  die  rapidly 
in  sea-water,  and  that  a  period  of  four  or  five  days  is  sufficient  even  for  a 
heavily  infected  sea-water  to  become  practically  sterilised. 

The  presence,  therefore,  of  these  lactose  fermenters  of  the  faecal  or  "coli- 
form "  type  showed  that  the  pollution  was  recent.  Not  much  interest  attaches  to 
the  non-lactose  fermenters  which  we  isolated  and  subcultured.  As  is  usual  in 
enquiries  of  this  nature,  no  B.  tyjjhosus  or  para-typhoid  organisms  were  isolated. 
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A  SUITAHLE  RELAYING  PLACE. 

It  seemed  (o  us  Imrdly  likely  that  we  sliould  iiiid  a  place  an\'vv}ier(;  within 
tlie  li.irlxHir  where  1  h<'  water  was  eoniparati v(^ly  cUvdn  and  suitahh'  lor  the 
relaying  and  cleaiisini^  of  oysters.  II  siicli  a  |)hi('(^  was  to  Ix'  loiiiid  it  nnist  he 
s()!ne\\  liei'e  as  lai-  as  j)ossible  fi'oiii  t  h<'  haihoiii'  entrance;  some  [)la(;(i  where 
tlie  tides  were  not  very  swift,  so  that  sedimentation  and  f)iirifieat  ion  mi^dit 
liave  Jiad  time  to  take  place  before  tlie  water  arrived  at  this  hypotln^tical 
ridayinLi  i^round.  We  th()u<j;ht  that  Jledhorn  or  the  top  of  th(^  Wareliam 
Channel  mi^ht  possibly  be  fairly  clean,  but  they  proved  to  be  otherwise. 
Samples  taken  off  Ower  Farm  and  off  Arne  near  Shipstall  Point  were  how^ever 
clean  or  nearly  so — B.  coll  being  present  in  100  c.c,  tubes  but  not  in  75  c.c. 
tubes  and  five  10  c.c.  plates  being  free  from  lactose  fermenters  (Table  []). 
Owing  to  the  difficulties  of  navigation,  Ower  is  not  a  very  accessible  place,  so 
we  decided  to  relay  some  oysters  off  Shipstall  Point  near  Arne.  This  place  is 
situated  at  the  top  of  the  Wych  Chaimel  about  three  miles  from  the  open 
sea.  Between  Arne  and  the  sea  lies  Branksea  Island  and  the  water  coming 
up  to  Arne  takes  a  winding  course  around  this:  in  addition,  between  Arne  and 
the  sea  there  are  many  acres  of  mud  flats  covered  by  rank  weed  and  grass, 
which  are  aw^ash  wdth  water  when  the  tide  is  high:  these  practicallv  form  a 
filter  for  the  sea-water.  They  slow  the  rate  of  the  tide  and  must  necessarily 
act  as  a  mechanical  filter  to  some  of  the  water  passing  from  the  sea  towards 
Arne. 

Again,  as  this  spot  is  so  far  from  the  open  sea  it  is  improbable  that  the 
\vater  which  forms  any  one  high  tide  was  actually  in  the  open  sea  during:  the 
low  w^ater  preceding  that  high  tide — in  other  words  if  a  single  gallon  of  sewage 
contaminated  water  from  the  neighbourhood  of  Old  Harry  could  be  follow^ed 
into  Poole  Harbour  it  would  take  several  tides  to  find  its  way  up  to  Shipstall 
Point.  Indeed  the  actual  movement  of  the  water  in  these  upper  reaches  is 
only  slight,  and  this  has  been  demonstrated  by  tide-floats.  Something  almost 
comparable  to  "storage"  takes  place  in  these  places  that  are  more  remote 
from  the  sea,  and  self  purification  of  the  water  is  the  natural  outcome  of  this. 

These  natural  conditions  no  doubt  explain  the  fact  that  off  Shipstall 
Point  near  Arne  the  sea-water  was  reasonably  free  from  lactose  fermenting 
organisms,  and  gave  us  a  hope  that  the  place  might  be  suitable  for  the  relaying 
of  oysters.  Twelve  oysters  were  therefore  dredged  from  the  main  channel. 
Six  of  them  were  brought  straightway  to  the  Laboratory  and  the  remaining 
six  were  relaid  in  a  buoyed  net  oft"  Arne.  The  first  half  dozen  were  polluted, 
but  not  heavily;  the  half  dozen  which  were  relaid  at  Arne  for  seven  days 
were  clean  with  an  average  of  only  two  lactose  fermenting  organisms  per 
oyster.  In  view  of  this  we  decided  not  to  pursue  at  present  the  intended  part 
of  our  research  which  dealt  with  sterilisation  by  means  of  chlorine;  but 
rather  to  accumulate  as  many  facts  as  possible  regarding  the  relaying  at 
Arne. 

The  experiment  was  therefore  repeated  on  several  occasions,  and  alwavs 
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with  the  same  results — namely  that  the  oysters  before  relayinfj  were  dirty 
and  after  relaying  were  clean — sometimes  almost  sterile  (Table  IV). 

The  irreatest  care  was  taken  in  the  minute  examination  of  these  relaid 
oysters  and  a  large  number  of  plates  of  varying  quantities  were  made.  On 
one  occasion  for  instance,  10  plates  each  of  2  c.c.  were  made  from  one 
oyster — practically  one-third  of  the  oyster  was  plated  in  small  quantities — 
and  only  13  lactose  fermenters  were  found,  corresponding  to  a  total  of  40 
per  oyster.  On  another  occasion  0-9  part  of  an  oyster  was  plated,  giving  a 
count  of  12  lactose  fermenters  per  oyster.  On  another  occasion  25  c.c.  of  the 
emulsion  were  tubed  in  quantities  of  1  c.c.  in  each  of  25  tubes:  acid  and  gas 
and  a  coliform  organism  were  present  in  one  tube" — a  total  of  four  per  oyster. 
In  all  42  oysters  after  relaying  were  examined.  The  highest  count  observed  was 

Table  IV. 
Results  of  relat/ing  oysters  at  Shipstall. 


Before 
Date 

22.    9.  19 

relaying 
Lactose  fermenters 
per  oyster 

100 

After 

Date 
30.    9.  19 

relaying 

Lactose  fermenters 
per  oyster 

2 

8.  10.  19 

1600 

18.  10.  19 

14 

8.  10.  19 

1200 

18.  10.  19 

10 

23.  10.  19 

400 

30.  10.  19 

40 

— 

— 

4.  11.  19 

10 

(a) 

4.  11.  19 

400 

12.  11.  19 

15 

{h) 

4.  11.  19 

700 

12.  11.  19 

40 

12.  11.  19 

2580 

20.  11.  19 

17 

{<-•) 

12.  11.  19 

1050 

20.  11.  19 

12 

(c) 

22.  11.  19 

590 

2.  12.  19 

3 

[d) 

(a)  These  oysters  were  found  off  Arne.  They  had  not  been  laid  there  by  us. 

(b)  5  oysters  mixed.    Quantities  equal  to  one-third  of  an  oyster  plated. 

(c)  5  oysters  mixed.   Quantities  equal  to  nine-tenths  of  an  oyster  plated. 

(d)  5  oysters  mixed.   Quantities  equal  to  one-half  of  an  oyster  plated. 

40  B.  coli  per  oyster:  the  lowest  was  2  per  oyster.  The  average  was  16  per 
oyster.  As  the  result  of  these  findings  we  have  recommended  that  Shipstall 
Point  ofE  Arne  is  a  safe  place  for  the  relaying  of  oysters;  and  have  been  able 
to  give  an  assurance  that  oysters  which  have  been  relaid  there  for  a  week 
will  be  of  reasonable  bacteriological  purity. 

CONCLUSION. 

1.  The  contamination  of  the  water  in  Poole  Harbour  comes  in  with  the 
flood  tide  from  the  open  sea,  and  does  not  originate  within  the  Harbour. 

2.  The  nearer  the  sea  and  the  more  rapid  the  current,  the  greater  is  the 
pollution  of  the  Harbour  water. 

3.  The  large  oyster  beds  near  the  harbour  entrance  and  in  the  main 
channel  are  polluted,  and  the  oysters  in  them  contain  many  organisms 
derived  from  se\vage. 

4.  These  oysters  can  be  cleansed  by  relaying  off  Shipstall  Point  near 
Arne  w^here  the  water  is  comparatively  free  from  sewage  organisms. 
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TETANUS. 
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INTRODUCTION. 


The  purpose  of  this  paper  is  to  place  on  record  the  available  figures  relating 
to  cases  of  tetanus  which  occurred  in  Home  Military  Hospitals  during  the 
Great  War  of  1914-1918.  It  may  be  considered  that  some  of  the  tables  give 
no  very  useful  or  practical  information,  but  they  are  nevertheless  recorded  in 
order  that  medical  officers  at  the  outbreak  of  some  futura  war  may  have  the 
opportunity  of  learning  what  was  done  for  the  prevention  and  treatment  of 
tetanus  during  this  war.  For  example  nothing  can  be  gained  from  a  study  of 
the  figures  given  in  this  analysis  with  regard  to  the  curative  or  therapeutic 
value  of  antitetanic  serum,  but  it  may  be  of  some  antiquarian  interest  half 
a  century  hence  to  know  the  amount  given  and  the  mode  of  administration 
in  the  years  1914-1918. 

The  total  number  of  British  wounded  in  all  the  theatres  of  war  has  been 
officially  reported  as  2,032,142.  If  the  number  2385  be  taken  as  the  total 
number  of  cases  of  tetanus  which  occurred  among  these  wounded  then  the 
incidence  of  cases  of  tetanus  to  wounded  is  1-17  per  1000. 

The  total  number  of  wounded  treated  in  Home  Hospitals  has  been  calculated 
to  be  about  1,242,000.  The  number  of  cases  of  tetanus  arising  among  them 
was  1458,  giving  an  incidence  of  1-2  per  1000. 

It  is  the  analysis  of  these  1458  cases  which  forms  the  subject  of  this 
paper.  It  must  then  be  distinctly  understood  that  only  cases  of  tetanus 
arising  in  England  are  dealt  with.  Cases  occurred  in  France  and  were  treated 
in  Military  Hospitals  in  France,  among  wounded  soldiers,  before  they  had  an 
opportunity  of  being  transferred  to  England.  These  have  been  analysed  at 
least  in  part  by  Sir  William  Leishman  and  Major  Smallman,  and  later  by 
Colonel  Cummins  and  Major  Gibson. 

Tetanus  made  its  appearance  very  shortly  after  hostilities  had  com- 
menced and  it  soon  became  evident  that  vigorous  steps  would  have  to  be 
taken  to  save  our  men  from  this  painful  and  very  fatal  disease.  It  had  been 
expected,  of  course,  that  there  would  be  a  few  cases  of  tetanus  among  the 
wounded  men  and  provision  had  been  made  to  deal  with  such  cases  when  they 
arose.  Nevertheless  when  it  became  possible  to  obtain  figures  showing  the 
incidence  of  tetanus  it  was  seen  that  the  numbers  were  considerably  higher 
than  had  been  anticipated.  Lord  Kitchener,  then  Secretary  of  State  for  War, 
and  the  Director-General,  Army  Medical  Services,  accordingly  determined  to 
lose  no  time  in  grappling  with  the  danger. 

My  connexion  with  this  work  was  due  to  an  order  from  the  then  Director- 
General,  Sir  Alfred  Keogh,  G.C.B.,  who  wrote  in  October  1914,  "It  is  hoped 
that  you  will  direct  your  attention  specially  to  the  subject  of  Tetanus,  with 
a  view  to  elucidating  the  problems  of  causation  and  cure."  Hence  the  taking 
up  of  this  kind  of  work,  which  was  quite  new  to  me,  was  due  to  a  request 
from  the  Director- General  and  not  from  any  voHtion  on  my  own  part. 
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Tn  March  1916,  a  Totanus  Committee  was  formed  at  the  suggestion  of 
Prof.  Wallor,  hMI.S.,  tlu^  late  I^rof.  Plinirner,  F.R.S.,  and  Captain  Golla, 
R.A.M.C.  The  first  meeting  took  place  on  the  7th  March  of  that  year.  A 
Memorandani  on  Tetanus,  which  is  now  in  its  fourth  edition,  was  prepared 
by  the  committee  and  circulated  ;  the  Tetanus  Report  forms  were  revised,  and 
a  special  form  prepared  for  the  use  of  the  inspectors  of  Tetanus.  Copies  of 
these  documents  are  attached,  as  they  may  be  found  of  some  use  in  the  future. 

There  were  some  forty  Inspectors  of  Tetanus  stationed  in  different  parts 
of  the  country  whose  duty  it  was  to  visit  cases  of  tetanus  as  soon  as  they 
occurred,  and  to  advise  or  assist  when  necessary  in  the  treatment.  These 
inspectors  were  usually  expert  clinicians,  neurologists  or  bacteriologists,  and 
were  of  the  greatest  service  in  establishing  sound  methods  in  the  nursing  and 
treatment  of  the  cases. 

They  sent  in  an  independent  report  which  was  useful  to  compare  with 
the  report  sent  in  afterwards  by  the  Medical  Officer  in  charge  of  the  case. 
The  inspectors  were  without  exception  all  of  them  keen  on  the  work,  and 
I  consider  the  idea  of  detaiUng  officers  for  this  purpose  in  every  important 
centre  in  the  three  kingdoms  to  have  been  the  most  useful  and  most  practical 
part  in  the  organisation  for  the  study  and  care  of  the  cases  of  tetanus. 

Members  of  the  Tetanus  Committee  have  written  several  papers  in  the 
Medical  Journals  with  a  view  to  giving  medical  officers  the  latest  develop- 
ments in  our  knowledge  of  tetanus.  A  list  of  these  papers  is  given  in  an 
appendix.  The  Committee  also  instituted  various  original  investigations. 
Capt.  Golla,  R.A.M.C,  worked  at  different  problems  at  the  Physiological 
laboratory  of  the  University  of  London,  Capt.  Tulloch,  R.A.M.C,  at  the 
Lister  Institute,  and  Prof.  Sherrington  in  his  own  laboratory  at  Oxford. 
The  expenses  of  these  various  researches,  amounting  to  £1350,  were  borne 
by  the  Lister  Institute,  without  which  generous  aid  the  Committee  would 
have  been  unable  to  carry  out  any  of  this  research  work. 

In  conclusion,  my  best  thanks  are  due  to  Lady  Bruce  for  the  immense 
amount  of  work  she  has  undertaken  in  the  preparation  of  this  Analysis. 
To  her  fell  the  irksome  task  of  collecting  and  arranging  under  their  different 
heads,  the  various  particulars  contained  in  the  Inspectors'  Reports  and  the 
Tetanus  Returns. 

This  has  been  an  undertaking  of  a  particularly  arduous  and  tiresome 
character  demanding  qualities  of  patience  and  industry  especially  when 
deaUng  with  Reports  often  written  with  extreme  haste  and  illegibility. 

I  would  also  wish  to  express  my  best  thanks  to  all  the  Inspectors  of 
Tetanus  who  were,  in  the  main,  responsible  for  carrying  out  the  Committee's 
recommendations;  to  the  Officers  Commanding  Hospitals,  Medical  Officers 
in  charge  of  cases,  and  to  the  nursing  Sisters  to  whom  falls  the  heaviest 
burden  in  the  care  of  the  cases. 
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I.    THE  INCIDENCE  OF  CAvSES  OF  TETANUS  AMONG  THE  WOUNDED 
TREATED  IN  HOME  MILITARY  HOSPITALS. 

Ill  regard  to  the  incidence  of  tetanus  among  the  wounded  soldiers  treated 
in  home  military  hospitals,  it  is  impossible  to  deal  at  all  fully.  The  number 
of  wounded  sent  over  to  England  from  the  Western  Front  between  August 
1914  and  November  1918  was  roughly  1,242,000.  The  number  of  cases  of 
tetanus  which  occurred  during  this  period  in  home  hospitals  was  1458.  This 
gives  a  rate  of  incidence  of  1-2  per  1000.  It  must  be  confessed  that  these 
figures  can  only  be  approximate.  It  will  probably  be  years  before  the  correct 
figures  are  available.  For  example  many  cases  of  "gassing"  were  included 
among  the  wounded.  For  the  purpose  of  adjudicating  pensions  this  may  be 
useful  but  for  purposes  of  tetanus  statistics  it  introduces  a  fallacy. 

Diagram  1  is  an  attempt  to  give  the  ratio  of  the  number  of  cases  of  tetanus 
per  thousand  of  the  wounded  landed  in  England  during  each  month,  from 
August  1914  to  the  close  of  the  war  on  November  11th,  1918. 

The  cases  of  tetanus  are  reckoned  from  the  date  of  wound  not  from  the 
date  of  onset.  For  example,  2161  wounded  men  arrived  in  England  from 
overseas  during  August  1914.  Eight  of  these  men  were  at  some  time  attacked 
by  tetanus,  giving  a  ratio  of  3-7  per  1000. 

From  this  diagram  it  will  be  seen  that  the  ratio  of  the  number  of  cases  of 
tetanus  occurring  in  home  military  hospitals  to  the  number  of  wounded  sent 
over  to  England  is  3-7  per  1000  in  August  1914;  9  per  1000  in  September, 
and  that  it  rapidly  drops  to  1-4  in  December,  at  which  lower  rate  it  continues 
practically  during  1915.  There  is  a  tendency  to  rise  during  1916  due  it  may 
be  to  an  improvement  in  the  diagnosis  and  subsequent  increase  of  cases  of 
local  tetanus,  which  at  the  beginning  of  the  war  were  possibly  overlooked. 
This  would  naturally  raise  the  ratio  of  the  incidence. 

It  will  also  be  seen  that  the  incidence  of  the  disease  tends  to  become 
lower  as  the  war  goes  on.  It  is  probable  that  this  is  due  after  the  middle  of 
1917  to  more  thorough  surgical  treatment.  It  was  stated  in  the  second 
analysis  of  cases  of  tetanus  in  1915  that  "if  thorough  surgical  treatment  is 
carried  out  on  wounds  from  the  beginning  so  as  not  to  allow  the  presence 
of  necrotic  tissues  or  foreign  bodies,  the  number  of  cases  of  tetanus  should 
sensibly  diminish  if  not  altogether  disappear."  The  surgeons  took  a  long 
time  to  learn  how  to  do  this,  but  in  the  introduction  of  primary  excision  and 
primary  or  delayed  primary  suture  the  most  remarkable  results  were  obtained, 
and  if  it  had  not  been  for  the  sudden  cessation  of  the  war,  it  is  probable  that 
tetanus  would  have  become  almost  extinct  among  the  British  wounded.  The 
most  interesting  feature  in  the  diagram  is  the  sudden  drop  in  1914  from 
9  per  1000  in  September  to  1-4  per  1000  in  December.  This  was  undoubtedly 
due  to  the  introduction  of  prophylactic  injections  of  antitetanic  serum  which 
did  not  come  into  force  until  about  the  middle  of  October.  This  topic  will 
be  discussed  more  fully  when  the  prophylactic  or  preventive  treatment  of 
tetanus  comes  under  review. 


D.  Bruce 


CO 
<7> 

o3<r 



T 

A0»0 

1 

Z.o 

a^O 

.9  0 

d3S 

L.o 

^ov 

eo 

>.ior 

so 

9N;or 

S.o 

xvw 

1 

^r   O 

ndV 

■ 

3  0 

h:>i^ 

Ji^^^H 

LI 

^3  J 

1 

o   O 

«/) 

Mvr 

■ 

9  o 

UJ 

r- 

o 

030 

1 

£  o 

<         U 

AOis) 

m 

SO 

J.:>o 

M 

L.  0 

^         O 

d3S 

1 

H 

X.I 

z 

onv 

LB 

So 

o      :> 

A-rnr 

3HH 

ll 

3Wftr 

■ 

«  P 

o 

2  ^ 

AVW 

8-0 

-IdV 

9  1 

o 

H^IAJ 

^ 

L.o 

0 

-      o 

esi 

1 

x.i 

ISiVf 

1 

z.z 

cc 

o3a 

-k.Z 

^J         wP 
G.        O 

AOW 

1 

1 

IZ 

IPO 

L.\ 

J35 

■ 

f.r 

2 

2    < 

•onv 

j^.i 

Annr 

9.1 

h-       H 

3Nftr 

SI 

<       UJ 

Avi^ 

■z.t 

a      1- 

-idV 

LI 

HDVM 

■ 

S.I 

:  s 

Q3i 

I.I 

Nvr 

1 

^.0 

h 

0) 

:>sa 

m 

J.o 

AON 

S.o 

1^0 

S.o 

d3S 

■ 

I^H 

-fc. ; 

^nt' 

T 

3 

A.Tnr 

p  / 

3Nnr 

3 

x-o 

Avw 

s.o 

ndv 

■^^^^^B 

c  r 

H^M 

■ 

+  .C? 

aaj 

■iH 

hi 

hJvr 

1 

o.  c 

030 

=■■ 

i./ 

AOW 

1        i 

i 

■ 

^ 

f.r 

-LOO 

■ 

ri 

dJS 

onv 

HBH: 

P. 6 

1                                           ^H 

/..f 

-   o 

11 

aaawnoAA   oi    s^svd    jo     o  i  j.  v  a 

6  Tetanus 

II.    THE  DISTRIBUTION  OF  CASES  OF  TETANUS  FROM 
AUGUST  1914— SEPTEMBER  1918. 

Diagram  2  merely  represents  the  number  of  cases  of  tetanus  which  have 
been  treated  in  home  mihtary  hospitals  since  the  beginning  of  the  war. 
They  are  taken  from  the  date  of  wound,  not  from  the  date  of  onset  of  the 
disease.  The  figures  have  no  relation  to  the  number  of  wounded  or  the  number 
of  troops  engaged.  The  diagram  merely  shows  periods  of  activity  and  in- 
activity in  the  fighting  line.  For  example  the  eight  men  in  August  1914  were 
wounded  at  the  battle  of  Mons,  the  54  in  September  during  the  fighting  at 
the  Marne  and  at  the  Aisne,  and  the  121  in  October  and  November  at  the 
first  battle  of  Ypres  when  we  had  some  13,000  wounded.  The  rise  in  April 
and  May  1915,  marks  the  second  battle  of  Ypres  and  Festubert,  60,000 
wounded,  and  in  July  and  September  1916  the  battle  of  the  Somme  which 
caused  some  300,000  casualties  before  the  operations  were  over.  The  rise  in 
April  1917  marks  the  battle  of  Vimy  and  Arras;  March  1918  the  great  German 
offensive,  and  in  August,  September  and  October,  our  final  attack  on  the 
German  lines  which  led  up  to  the  Armistice  of  Uth  November  1918.  The 
casualties  during  the  last  hundred  days  amounted  to  300,000. 

Diagram  3  represents  the  number  of  cases  of  tetanus  which  have  been 
treated  in  home  military  hospitals  since  the  beginning  of  the  war.  They  are 
taken  from  the  day  of  onset  of  disease,  not  from  date  of  wound.  For  example, 
in  August  1914  there  were  three  wounded  men  in  England  who  had  been 
attacked  by  tetanus. 

III.    GEOGRAPHICAL  DISTRIBUTION. 

It  may  be  possible  in  the  future  when  fuller  figures  are  collected  to 
differentiate  between  different  districts.  In  one  district  the  occurrence  of 
tetanus  may  have  been  much  more  common  than  in  another. 

Bullock  and  Cramer  have  shown  that  the  presence  of  calcium  salts  in  the 
earth  may  have  a  determining  effect  on  the  occurrence  or  non-occurrence  of 
tetanus  and  gas  gangrene. 

It  is  well-known  that  tetanus  bacilli  or  their  spores,  if  freed  from  toxin, 
are  incapable  of  giving  rise  to  the  disease  when  injected  into  healthy  animals. 
The  same  is  true  of  the  bacilli  of  gas  gangrene.  Bullock  and  Cramer  set 
themselves  to  discover  the  missing  factor  in  the  etiology  of  these  diseases 
and  state  that  they  found  it  in  injections  of  small  doses  of  a  soluble  ionisable 
calcium  salt.  They  state  that  these  observations  account  satisfactorily  for 
the  curious  fact  that  the  occurrence  of  gas  gangrene  on  the  Western  Front 
was  very  "patchy." 

Bullock  does  not  think  that  the  naturally  occurring  rocks  are  of  great 
importance;  it  is  rather  the  manures  spread  on  the  land  which  supply  the 
calcium  salts  which  set  in  motion  the  tetanus  and  gas  gangrene  bacilli. 


]).  Bruck 


z 

D 

o 

0 

< 

2: 

o 

u. 

CO 

2: 
o 
Z 

>- 

CD 
CO 

< 

I- 

UJ 

o 

to 

Li 
< 




;>3a 

AON 

■ 

■ 

9e 

-i^o  . 

I 

■ 

■ 

cJ35 

1 

■ 

■ 

■ 

f  tr 

onv 

^i 

1 

i 

Sir 

Ainr 

Z\ 

3NAr 

■ 

01 

At/Ui 

H 

o\ 

Hj\aJ 

— 

J 

g 

■ 

1 

5f 

'9 

0:dii 

— 

0 

>4vr 

1 

9 

r^ 

^^0 

1 

ei 

AOM 

■ 

■ 

■ 

9Z 

XIO 

d 

■ 

■ 

f-lr 

dJS 

■ 

■ 

■ 

5>C 

onv 

■ 

■i 

■ 

U 

CD 

jw-inr 

■ 

■ 

■ 

-Sf 

3Nnr 

■ 

■ 

■ 

iZ 

Avw 

— 

1 

J 

g 

■ 

4c 

HDUJ 

— 

— 

01 

93J 

1 

■ 

■ 

hJvr 

oc 

'0 
0) 

P3a 

1 

-br 

AO  w 

■ 

^ 

■  ■ 

/.v 

J.70 

_ 

— 1 

iJ 

■ 

■ 

■■ 

65 

d  3b 

— 

■ 

■ 

■ 

- 

f>  1  ( 

XT  Of 

3v/nr 

— 

s 

— 

H 

~i 

s 

■ 

51: 

At/»Al 

1 

11 

-ic/V 

1 

c( 

«?U4 

1 

£1 

03J 

9 

Nvr 

1 

Z 

0) 

oaa 

1 

e 

AO  w 

I 

^ 

X70 

1 

ef 

d3S 

■ 

■1 

^£ 

-Dnv 

z. 

XTor 

6 

3Nnr 

1 

C 

AVt>» 

■ 

■ 

AZ 

ndV 

1 

■ 

l-L 

h;>n 

1 

-tr 

93J 

1 

-tr 

lovr 

0 

-330- 

■ 

% 

AOW 

M 

■ 

J-p  0 
d-3S 

1 

■ 

ff 

■ 

45 

-00  V 

s 

1     1     1 — 1 — 1 — 1 — I — » — ' — ;     '     '     '     ! 
oooo   oooo^oo    Oo 

0  in 

2  3 

3 

H 


B 

D 
2; 


bO 

ei 


8 


Tetanus 


Ui 

< 

LlJ 


Ui 

z 

O 


UJ 

< 

Q 

Z 
o 
fid 

u. 

H 
Z 
o 
E 

CQ 

C/) 

Z 

< 

O 
</) 

UJ 

< 


AVW 

— T— 1 1| 

J 

o.-^^^ 

1     / 

-  h:»w 

X 

11    ^lA 

1     ^ 

Nvr 

■       0) 

:7ic» 

■    g 

^ofj 

!■■■      X£ 

-tJO 

nczzzKa 

0/^5 

^^■M    f^ 

wo   -:7nb' 

MCZZI^^ 

-    Mnc 

■  ■       5/ 

Ci  Jvc\c 

!■         U 

-     AVi^J 

!■■        "^^ 

00 

-1</V                          li 

o 

M^N 

■  ■         ^/ 

'o 

9  3J 

1        9 

a> 

Nvr 

■  ■        ^' 

'T3 

PJO 

!■■■      -t^c 

fi 

AON 

■  ■■       -^^ 

o 

jl30 

!■■■■        ^^ 

t^ 

d35 

!■■       "CC 

^ 

N  i>f>v 

!■■■■         l-t' 

0^ 
j3 

-    XI  nr 

!■■■      <e 

t3 

0\  iNnf 

«■■«     te 

c 

-     AVN 

UbUh    ^r 

-5 

T3 

-uy\/ 

■  ■■■      9r 

rt^W 

!■■■     ir 

i 

a3i 

■  ■■    sx 

c 

MVf 

!■■     rr 

33<J                                  1 

■  ■■■■     ^^ 

_fi 

AON                           I   1  H 

■  ^■1        €9 

-•.70               ■  li  ■  ■ 

■  ■&■■  -T8- 

<^3$                  ■■■ 

■  ■■■■      gL 

^  ■■  ■■  Hi  ■              <  <^ 

o 

—    Ainr                 IB 

^  ■■  i^  ■  ■              f^ 

■  ■■■■        99 

OQ 

3 

O)  ■^^'^^ 

■  ■      -^z 

»-     AVW 

■  ■        <<r/ 

^ 

<*-i 

HdV 

■        L 

HDUi 

m     I 

00 

0Jd 

1     z 

^ 

Nvr 

1      i* 

o 

03d 

■     s 

O 

AOfJ 

■        Ol 

i')0 

!■■■■            +r> 

a 

dlS 

^              "                J           i- 

9 

^ 

^nv 

u     $ 

ir>  Ainr 

■     <7f 

eo 

»*.  3N0f 

■          Ol 

0)    XVl*J 

■■■      Ac 

kl 

U) 

«    -IdV 

■        5 

c6 

W5W 

■       9 

03J 

1       f 

Kivr 

■       S 

33J 

IH      i^r 

_^    AO/sJ                    !■! 

■  ■■■■       -f'? 

i    ^70                       IHI 

■  ■■■■        «9 

i     «<3S 

■  ■■■        S£ 

^r>v                   1    . 

1       r 

o  O   O  0    Q 

—I — f— 1 — 1 —  1 1 

I).  Bruce  9 

Aft(T  roadini^  tlieir  paper  an  attompt  was  rnado  to  discover  if  any  difference 
in  the  occuriMMicc  of  casi^s  of  tetanus  due  t-o  tlie  j^eolo^dcal  formation  could 
be  made  out. 

To  do  tliis  it  is  evident  that  the  number  of  wounded,  and  the  incidence 
of  tetanus  amon^  them,  occurrin<^  on  a  particular  formation,  for  example  the 
chalk,  would  re(jiiire  to  be  known. 

This  then  could  be  compared  with  the  incidence  of  tetanus  among  the 
same  number  of  men  wounded  on  another  formation.  For  example,  if  in 
district  A  1()(),()()0  wounded  had  an  incidence  of  tetanus  of  10  per  1000,  and 
in  district  li  the  same  number  had  only  an  incidence  of  1  per  1000  a  case 
would  be  made  out.  It  mij^ht  of  course  be  due  as  Bullock  thinks  to  district  A 
being  more  intensively  cultivated  than  the  other,  or  it  might  be  due  to  some 
chemical  substance  found  in  one  formation  and  not  in  the  other. 

On  consulting  a  geological  map  of  the  part  of  the  Western  Front  held  by 
the  British  it  was  seen  that  it  all  lay  on  a  chalk  formation  covered  over  in 
patches  by  more  recent  gravels  and  sands.  It  seems  therefore  that  it  is  very 
unlikely  that  any  information  on  this  subject  would  be  gained  by  a  comparative 
study  of  this  front. 

A  spot-map  was  prepared  showing  as  nearly  as  possible  the  position  of 
wounded  men  who  afterwards  developed  tetanus.  After  this  was  made  it 
was  evident  that  nothing  could  be  gained  from  it.  The  information  is  not 
exact  enough.  Perhaps  later  on  when  more  facts  are  available  something 
might  emerge.  For  the  present  it  must  be  sufficient  to  draw  attention  to 
Bullock  and  Cramer's  paper  with  the  hope  that  further  investigation  may 
throw  light  on  what  promises  to  be  a  very  interesting  subject. 

IV.    CLASSIFICATION  OF  VARIOUS  TYPES  OF  TETANUS. 


The  following  table  classifies  as  far  as  possible  the  cases  of  tetanus  under 

lird  edit] 

Table  I. 


four  headings,  as  laid  down  in  the  third  edition  of  the  Memorandum  on  Tetanus 


1.  Trismus  the  earliest  symptom 

(a)  With  complete  closure  of  jaws  developing 

within  24  hours  after  onset  of  symptoms 

(b)  With  complete  closure  of  jaws  developing 

after  24  hours  of  onset 

(c)  With  incomplete'  closure  of  jaws 

2.  Trismus    occurring    after    other    symptoms    of 

tetanus  have  shown  themselves 

3.  General  tetanus  without  trismus 

4.  Local  tetanus 

Table  I  should  be  useful  for  prognosis.  If  trismus  is  the  first  symptom 
and  is  complete  within  24  hours,  the  prognosis  is  bad,  seven  dying  in  ten; 
if  the  trismus  occurs  after  other  symptoms  have  declared  themselves  then 
onlv  two  die  in  ten. 


Cases 

Recovered 

Died 

Mortality 
per  cent. 

77 

22 

55 

71-4 

80 

40 

40 

500 

505 

380 

125 

24-9 

134 

109 

25 

18-6 

50 

38 

12 

240 

201 

201 

— 

00 
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As  this  classification  has  not  been  in  use  during  the  whole  of  the  war, 
it  has  not  been  found  possible  to  classify  in  this  way  all  the  1458  cases  under 
consideration.  Many  of  the  reports  especially  at  the  beginning  of  the  war 
were  sent  in  without  any  attempt  at  classification  and  at  first  cases  of  local 
tetanus  either  did  not  occur  or  were  overlooked.  These  unclassified  cases, 
411  in  number,  were  sent  in  simply  with  the  diagnosis  of  tetanus,  but  as  they 
occurred  mostly  at  the  beginning  of  the  war  and  had  a  high  rate  of  mortality 
it  may  be  presumed  that  most  of  them  were  cases  of  general  tetanus  with 
trismus. 

Table  II  represents  the  proportion  of  general  to  local  tetanus  as  reported 
at  different  periods  of  the  war. 

Table  II. 

Type  Percentages 


1914  1915  1916  1917  1918 

General  98-9  98-6  870  76-6  83-5 

Local       ...         11  1-4  130  23-4  lG-5 

It  is  manifest  that  the  ratio  of  cases  of  local  tetanus  to  cases  of  general 
tetanus  tended  to  become  higher  each  year.  This  is  due  in  part  no  doubt  to 
the  introduction  of  the  prophylactic  injection  of  antitoxin,  also  to  an  improve- 
ment in  the  diagnosis  of  mild  and  obscure  cases  of  tetanus.  What  in  the 
fitst  years  of  the  war  would  be  considered  to  be  due  to  a  non-specific  irritation 
of  nerve  and  muscle,  came  afterwards  to  be  recognised  as  a  local  manifestation 
of  tetanus. 

V.    THE  PERIOD  OF  INCUBATION. 

(a)    At  daily  intervals. 

The  incubation  period,  or  the  number  of  days  which  elapse  between  the 
date  of  wound,  and  the  onset  of  tetanus  symptoms,  is  represented  by  the 
following  curve. 

Curve  A  shows  the  number  of  cases  which  occurred  on  each  day  after  the 
date  of  wound.  The  shortest  period  of  incubation  was  two  days,  the  longest 
two  and  a  half  years.    The  greatest  number  of  cases  occurred  o!l  the  ninth  day. 

(b)    Periods  of  Incubation  shown  at  weekly  intervals. 

Diagram  4  gives  the  percentages  of  cases  of  tetanus  occurring  at  weekly 
intervals. 

From  the  above  diagram  it  will  be  seen  that  in  the  1458  cases  under 
consideration,  9-5  per  cent,  of  the  cases  are  attacked  during  the  first  week; 
28  per  cent,  during  the  second,  and  as  many  as  31-7  per  cent,  after  five  weeks. 
This  diagram  is  very  different  from  one  made  in  pre-serum  days,  and  as  we 
shall  afterwards  see,  is  due  to  the  prophylactic  injection  of  antitoxin  given 
soon  after  the  wound  is  received. 
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Diagram  4.    The  percentage  of  cases  of  tetanus  occurring  during  the  first  and  following 

weeks  after  the  wound. 

(0)    Length  of  Incubation  in  relation  to  the  rate  of  Mortality. 
Diagram  5  gives  the  length  of  incubation  in  relation  to  the  rate  of  mortality 


Diagram  5.    Co-relation  of  the  Rate  of  Mortality  with  the  Length  of  Incubation. 

From  this  diagram  it  will  be  seen  that  in  128  cases,  with  an  incubation 
of  seven  days  or  under,  the  rate  of  mortality  was  58-6  per  cent. ;  in  429  cases 
with  an  incubation  of  more  than  35  days,  the  mortaUty  has  fallen  to  15-4. 
From  this  diagram  it  is  abundantly  plain  that  the  shorter  the  period  of 
incubation  the  higher  the  rate  of  mortality. 

(d)    The  variation  in  the  period  of  incubation  since  the  beginning  of  the  war. 

This  lengthening  out  of  the  period  of  incubation,  which  took  place  during 
the  war,  was  undoubtedly  mainly  due  to  the  introduction  of  prophylactic 
injections  of  antitetanic  serum.    Few  wounded  men  received  these  in  1914 
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as  it  \v;is  not   inilil  tin*  middle  of  October  tli;it   tlic  Jidriiinist  rntion  of  anti- 
toxin  had  ;^ot    under  W(M«^1i. 

Dia^am  6  irivos  tho  avcra<;('-  periods  of  incu})ation  in  days  for  (^ach  y(^ar 
of  tlic  war.  I^'or  example,  there  were  138  eases  of  tetanus  amonj^  t}i(5  wounded 
treated  in  Kni^dand  in  \\)\i\  these  had  an  avera<^c  incubation  period  of  only 
11-8  days.  In  1915  the  average  incubation  period  had  risen  to  27-3  days,  in 
191G  to  34  days;  in  J9J7  to  48  days;  and  in  1918-19  to  50  days. 
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Diagram  6.    The  lengthening  of  the  Period  of  Incubation  since  the  beginning  of  the  War. 

In  France  the  average  period  of  incubation  was  much  shorter.  From 
July  1st  to  October  31st,  1916,  there  were  157  cases,  with  an  average  incubation 
of  12  days;  from  November  1st,  1916  to  December  31st,  1917,  342  cases 
with  an  incubation  of  13-2  days.  This  of  course  is  due  to  the  fact  that  the 
acute  cases  with  a  short  incubation  period  would  be  treated  in  France; 
those  wdth  a  longer  incubation  would  have  time  to  be  transferred  to  England. 

Table  III  gives  the  number,  in  percentages,  of  cases  of  tetanus  with  short, 
medium  and  long  incubation  periods  which  have  occurred  since  the  beginning 
of  the  war. 

Table  III. 

Short,  Medium^  mid  Long  Incubation  periods  since  the 
Beginning  of  the  War. 


1914 

Up  to  10  days, 
per  cent. 

52-8 

1 1  to  22  days, 
per  cent. 

43-6 

More  than  22  days, 
per  cent. 

3-6 

1915 

29-9 

40-8 

29-9 

1916 

13-8 

39-4 

46-8 

1917 

15-2 

26-8 

580 

1918 

24-9 

35-6 

395 

It  will  be  seen  that  in  1914,  52-8  per  cent,  of  the  cases  had  a  short  incubation 
period  of  10  days  or  under;  this  fell  to  13-8  per  cent,  in  1916  and  15-2  per  cent, 
in  1917.  In  1918,  however,  it  rose  somewhat,  about  a  quarter  of  the  cases 
of  tetanus  in  the  last  year  of  the  war  having  a  short  incubation  period.    In 
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1914  there  were  only  3-6  per  cent,  of  the  cases  with  a  long  incubation  period 
whereas  this  rose  in  1917  to  58  per  cent. 

This  is  a  remarkable  result,  and  can  be  taken  as  a  measure  of  the  j^ood 
effect  of  the  prophylactic  inoculation  of  antitetanic  serum.  During  the  first 
months  of  the  war,  as  has  already  been  pointed  out,  many  of  the  wounded 
did  not  receive  a  primary  injection,  hence  the  number  of  acute  cases  with 
a  short  incubation.  This  introduction  of  the  prophylactic  inoculation  of 
antitetanic  serum  in  war  wounds  has  changed  the  whole  picture  of  tetanus, 
from  being  an  acute  disease  almost  invariably  fatal  to  a  chronic  disease  with 
a  case  mortality  of  only  some  20  per  cent. 

The  rise  in  1918  is  probably  due  to  the  rapid  movement  of  troops  and 
the  large  number  of  wounded  to  be  dealt  with.  On  account  of  this  it  is 
justifiable  to  believe  that  many  of  the  wounded  men  did  not  receive  their 
primary  prophylactic  injection  of  antitetanic  serum,  hence  the  lowering  of 
the  average  incubation  period  in  the  last  year  of  the  war. 

VI.    THE  RATE  OF  MORTALITY, 
(a)    Gross  rate  of  Mortality. 

The  following  table  gives  the  rate  of  mortaUty  in  the  cases  of  tetanus 
treated  in  home  hospitals. 

Table  IV. 

Rate  of  Mortality  in  cases  of  Tetanus  occurring  in  England. 

Rate  of  mortality 
Number  of  cases  Recov^ered  Died  per  cent. 

1437  936  501  34-8 

Twenty-one  cases  are  deducted  from  the  1458  as  they  undoubtedly  died 
from  other  causes.  It  is  therefore  impossible  to  place  them  either  among  the 
recoveries  or  the  deaths.  The  rate  of  mortality  among  cases  of  tetanus  treated 
in  England  is  34-8  per  cent.  The  cases  in  France  have  a  higher  rate  since  the 
severe  acute  cases  with  a  short  incubation  would  naturally  be  treated  there. 
715  cases  up  to  the  present  have  been  reported  from  France;  510  of  these 
died;  a  case  mortality  of  71-3  per  cent.  Combining  the  two  sets  of  figures, 
there  are  2152  cases  and  1011  deaths;  a  rate  of  mortahty  of  47-0  per  cent. 
The  death  rate  in  the  pre-serum  days  lay  about  85  per  cent.  This  lowering 
of  the  death  rate  from  85  per  cent,  to  47-0  per  cent,  is  doubtless  due  in  great 
part  to  the  introduction  of  the  prophylactic  inoculation  of  antitetanic  serum. 
It  would  be  much  lower  than  47*0  per  cent,  if  only  cases  of  wounded  men  who 
undoubtedly  received  a  sufficient  dose  of  antitoxin  were  taken  into  account. 
It  must  be  remembered  that,  so  far  as  prophylactic  injections  are  concerned, 
we  were  still  practically  in  the  pre-serum  days  during  the  first  months  of  the 
war.  Further  it  is  also  true  that  during  the  whole  of  the  war  many  cases 
escaped  the  preventive  dose.  Many  cases  of  trench  feet,  for  example,  succumbed 
to  tetanus  before  it  was  learnt  that  they  must  be  treated  as  wounded  men. 
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Doubt  loss  also,  owiuj^  to  tlic  cxif^oucics  of  vv<ir  service  many  wounded  men 
would  he  m;uk<'d  uj)  as  liaviii*^  received  a  prophylactic  injection,  who  did  not 

ill  I'caiil  \-  i(»c(Mve  it. 

(/>)    The  Rate  of  Morlality  at  different  periods  of  the  War. 

The  number  of  cases  of  tetanus  dealt  wiiJi  at  different  periods  during  the 
war  and  the  rate  of  mortality  are  given  in  Table  V. 

Ta})le  V. 
Rate  of  Mortality  for  each  year  of  the  War. 


Vears 

Number  of 
cases 

Recovered 

Died 

Kate  of 
mortality 
per  cent. 

1914 

182 

81 

101 

55-5 

1915 

138 

60 

78 

56-5 

1916 

451 

281 

170 

37-6 

1917 

376 

294 

76 

20-5 

1918 

291 

204 

73 

26-3 

1919 

20 

16 

3 

150 

From  this  table  it  will  be  seen  that  the  fall  in  the  death-rate  has  been 
fairly  progressive.  This  result,  to  whatever  cause  it  may  be  due,  must  be 
considered  as  satisfactory. 

(c)    The  position  of  the  wounds  in  relation  to  the  incidence  and  the  mortality. 

There  were  1458  cases  of  tetanus;  576  of  these  had  multiple  wounds  and 
882  single  wounds. 

Of  the  576  multiple  wounds,  392  recovered  and  176  died;  a  case  mortality 
of  31-0  per  cent. 

Of  the  882  single  wounds,  544  recovered,  325  died;  a  case  mortality  of 
37-4  per  cent. 

There  were  21  cases  among  the  1458  who  died  of  other  diseases.  These 
are  not  included  in  the  above  figures. 

The  following  table  gives  the  position  of  the  wounds  in  the  882  cases  of 
single  wounds. 

Table  VI. 

Position  of  wound  in  cases  of  single  Wounds. 


]S 

fumber  of 

Incidence 

Case 

Position 

cases 

per  cent. 

Recovered 

Died 

mortality 

Head,  face  and  neck 

29 

3-3 

24 

5 

17-2 

Trunk 

135 

15-2 

80 

51 

37-8 

Upper  extremities 

236 

26-7 

132 

101 

43-3 

Lower  extremities 

480 

54-4 

303 

171 

361 

From  this  table  it  would  appear  that  wounds  of  the  lower  extremity  give 
rise  to  more  cases  of  tetanus  than  wounds  of  other  parts  of  the  body,  and  it 
might  be  argued  that  this  was  due  to  the  greater  risk  of  earth  contamination 
in  these  wounds.  But  to  arrive  at  the  truth  in  this  matter  it  would  be  necessary 
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to  know  the  ratio  of  wounds  of  the  head  to  those  of  the  other  parts.  This 
varies  in  different  wars.  What  it  is  in  this  war  has  not  yet  been  calculated. 
In  the  old  wars  the  avera<<e  ratio  was  given  as  12,  19,  27  and  42.  That  is  to 
say  there  were  admitted  to  hospital  12  cases  of  head  wound,  19  of  trunk, 
27  of  the  upper  extremities  and  42  of  the  lower  extremities  for  every  hundred 
cases  treated. 

{d)    The  effect  of  Fractures  on  the  rate  of  mortality  in  cases  of  Tetanus, 

Table  VII. 


Wound 

Number  of 

cases         Recovered 

Died 

Mortality 
per  cent. 

Fracture 

492                349 

143 

29- 1 

No  fracture... 

945                 587 

358 

37-9 

Twenty-one  died  of  other  causes,  there  were  among  them  nine  fractures. 

It  has  been  stated  that  the  presence  of  a  fractured  bone  in  a  wound  raises 
the  death-rate  in  cases  of  tetanus.  From  the  above  figures  it  will  be  seen  that 
the  advantage  on  the  contrary  lies  with  the  fractures.  It  can  be  readily 
imagined  that  the  addition  of  a  fracture  to  a  wound  might  increase  the 
incidence  of  the  disease  among  wounded  men.  It  is  more  difficult  to  under- 
stand why  the  complication  of  a  fracture  should  heighten  the  rate  of  mortality. 
In  regard  to  the  relation  of  fractures  to  incidence  it  is  impossible  at  present 
to  make  any  statement  as  the  figures  are  not  available. 

In  the  former  a  fracture  should  increase  the  liability  of  the  wounded  man 
to  take  tetanus,  but  when  once  tetanus  has  supervened  it  should  make  little 
or  no  dift'erence  in  the  risk  whether  he  has  a  fracture  or  not. 

(e)    Tetanus  occurring  after  operative  interference  with  the  wound. 

Table  VIII. 

Number  Case  mortality 

of  cases  Recovered  Died  per  cent. 

102  67  35  24-5 

Among  the  1458  cases,  102  are  reported  to  have  supervened  after  a  surgical 
operation.   There  were  35  deaths,  a  case  mortality  of  24-5  per  cent. 

The  Tetanus  Committee  recommended  that  when  operations  are  per- 
formed, at  the  site  of  wounds,  even  if  they  are  healed,  a  prophylactic  injection 
of  serum  should  always  be  given.  Among  these  102  cases  only  7  are  stated  to 
have  received  this  prophylactic  inoculation  before  the  operation.  All  seven 
recovered.  There  is  no  record  of  the  effect  of  prophylactic  injections  before 
operation  on  the  incidence  of  the  disease.  Only  those  cases  of  operation  which 
resulted  in  tetanus  are  given.  The  small  number  of  cases  recorded  as  having 
received  an  injection  before  an  operation,  would  almost  go  to  show  that  most 
of  those  who  received  the  injection  did  not  develop  symptoms  of  tetanus. 
It  has  been  shown  that  tetanus  bacilli  may  lie  latent  for  years  at  the  site 


N<».    of  CllMC'tS 

Kecovercd 

Died 

5 

2 

2 

1 

2 

1 

1 

— 

1 

— 

1 

1 

— 

2 

2 

— 

I 

— 

1 

1 

1 

_ 

1 

1 

— 

38 

20 

18  (47-3) 

20 

6 

15  (75) 

18 

15 

3(16-6; 
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of  wouiifls;  H  prophylactic  injoctioii  of  aiititetanic  serum  before  operation 
would   therefore  appear  to   he  a    reasouahle  j)re(;autioM. 

Ani()n<j:  the  cases  of  tt^tanus  there  were  some  curious  exainph's,  which  it 
may  be  of  some  interest  to  record. 

Appendicitis 

\'acrinati()n  ...  

Hai'inorrlioids 

Inguinal  hornia 

X'aricocric     ... 

HliskT,  j)rickcd  with  ilirty  nci-dlc 

No  wound  discovered 

Ulcer  of  scrotum 

A  fish-bone  stuck  in  finger  while  working 

in  garden  where  fish -manure  had  been 

used 

Prick  of  a  thistle 

Trench  feet  and  frost  bito... 

Trench  feet  before  1917     

Trench  feet  after  1917       

At  first  trench  feet  were  not  treated  as  w^ounds  and  no  prophylactic  serum 
was  given  until  the  resulting  death-rate  of  75  per  cent.  Afterwards  when 
serum  was  given  the  rate  fell  to  16-6  per  cent. 

(/)    On  operative  interference  after  tetanus  symptoms  have  appeared. 

Table  IX. 

Number  of  Mortality 

cases  Recovered        Died         per  cent. 

74  56  18  24-3 

The  opinion  of  the  Tetanus  Committee  was  that  it  appeared  safer  to 
abstain  from  surgical  interference  with  a  wound  after  tetanus  had  appeared. 
In  the  1458  cases,  there  were  74  which  had  had  such  an  operation.  Of  these 
56  recovered  and  18  died,  a  case  mortaUty  of  24-3  per  cent.  From  this  it 
would  appear  that  operative  interference  after  tetanus  symptoms  have 
declared  themselves,  is  not  the  dangerous  procedure  it  has  been  supposed  to  be. 

If  tetanus  symptoms  supervene  on  a  wound  it  would  appear  to  be  the 
best  course  for  the  welfare  of  the  patient  to  thoroughly  cleanse  the  wound 
and  remove  any  sequestra  or  scar  tissues  which  may  be  harbouring  the  bacillus. 
But  if  an  operation  is  decided  on  it  would  be  well  to  see  that  the  tissues  are 
well  flooded  with  antitoxin,  lest  the  interference  with  the  wound  may  let 
loose  on  raw  surfaces  a  further  quantity  of  toxin. 

(v)    Relation  of  the  Rate  of  Mortality  to  the  number  of  days  which  elapse 
between  the  date  of  wound  and  the  onset  of  symptoms. 

Diagram  7  shows  that  in  the  1158  cases  dealt  with  in  home  military 
hospitals,  if  the  symptoms  of  tetanus  appeared  w^ithin  ten  days  of  recei\ang 
the  wound,  the  rate  of  mortality  was  58-1  per  cent.,  if  from  the  eleventh  to 
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the  twenty-second  day,  35-3  per  cent.    The  remainin*^  579  cascK  with  an 
incubation  period  of  more  than  twenty-two  days,  17-3  per  cent.    This  is  the 
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Diagram  7.    Death  Rate  in  Cases  of  Tetanus  with  short,  medium  and  long  Periods  of 

Incubation. 

old  story;  the  longer  the  period  of  incubation,  the  lower  the  rate  of  mortality. 
In  eighty-seven  cases  the  period  of  incubation  could  not  be  calculated  on 
account  of  a  lack  of  information  in  the  reports. 


VII.  PROPHYLACTIC  OR  PREVENTIVE  TREATMENT  OF  TETANUS. 

The  anticipation  and  prevention  of  tetanus,  as  in  so  many  other  diseases, 
is  by  far  the  most  important  means  of  defence.  In  the  first  line  we  may  place 
the  proposed  league  of  nations.  If  there  were  no  wars  men  would  not  be 
called  on  to  stand  up  to  the  knees  in  filthy  mud  and  be  torn  and  lacerated 
by  rough  and  dirty  pieces  of  shell.  It  seems  a  strange  and  barbarous  thing  to 
do,  and  it  is  to  be  hoped  that  in  the  course  of  evolution,  mankind  will  become 
sufficiently  intelligent  to  find  some  other  way  of  setthng  his  differences.  At 
the  present  time,  however,  it  is  necessary  to  find  other  methods  of  prevention 
as  man  has  not  yet  sufficiently  emerged  from  the  savage. 

Given  then  war,  and  the  conditions  of  warfare  which  prevailed  during  the 
great  war,  we  must  expect  tetanus  to  supervene  in  a  certain  proportion  of 
the  wounded.  In  the  South  African  war  there  was  little  or  no  tetanus.  The 
wounds  were  mostly  caused  by  bullets  and  the  veldt  was  clean.  In  France 
the  soil  was  heavily  manured  and  the  wounds  were  largely  caused  by  shell- 
fire. 

The  next  most  important  Hne  of  defence  is  the  surgical  treatment  of  the 
wound.  This  has  already  been  alluded  to  in  the  section  on  the  incidence  of 
cases  among  the  wounded.    The  surgeon's  knife,  after  all  is  said  and  done, 
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is  f]i(^  l)('s(  menus  of  picNciit  iiiLr  1  Im'  occiirrcnce  of  tetanus  aftfM-  flio,  wound 
lias  l)(>(Mi  iiilliclcd.  Dead  |)ut  lilyiii",^  tissues  is  the  best  culture  ni(Miiuiii  for 
tlic  nniKMohc.  At  the  l)en;iniiiii^  of  the  war  the  treatment  of  wounds  was  not 
thorou«ih  enouLjli  ai  f  lie  primary  operation.  It  was  tljou^dit  sufficient  to  wash 
out  tlie  wound  and  npply  an  antiseptic.  Oo?itroversy  was  acute  in  rej^ard  to 
tlie  merits  of  chlorine,  common  salt,  l)i])p,  ilavine,  etc.  It  was  only  when 
surgical  ((\nns  were  boldlx-  piislied  up  to  the  front,  and  thorou^^h  excision  of 
the  dania<i;ed  tissues  in  I  he  wounds  carried  out,  with  primary  or  j)rimary 
delayed  suture,  that  any  real  advance  was  made  in  treatment.  Anyone  who 
saw  these  wounds  in  the  base  hospitals  in  France  a  few  days  after  they  had 
been  inflicted,  must  have  been  struck  by  the  extraordinary  residts.  One  could 
almost  foresee  the  time  when  antitetanic  serum  would  no  lon<^er  be  required. 

Major  Gibson  may  be  quoted  in  this  connexion.  "The  early  incision  of 
wounds  began  about  the  middle  of  1917,  and  beyond  the  very  remarkable 
drop  in  the  incidence  of  tetanus,  due  to  prophylactic  injection,  the  practice 
of  general  excision  had  a  further  effect  on  the  incidence  of  the  disease.  From 
103  per  100,000  in  the  pre-incision  days,  the  rate  of  tetanus  had  fallen  to 
24  per  100,000  in  February  1918.  In  May  there  were  only  12  cases  per  100,000 
and  8  per  100,000  in  June." 

Next  in  importance  as  a  preventive  measure  is  the  prophylactic  injection 
of  antitetanic  serum.  This  war  has  shown  that  the  prophylactic  value  of 
antitoxin  is  beyond  all  doubt.  The  first  thing  in  this  connexion  to  be  discussed 
is: — 

(a)    The  Incidence  of  Tetanus  among  protected  and  unprotected  wounded  soldiers. 

Some  two  months  after  the  beginning  of  the  war  it  was  ordered  that 
every  wounded  man  should  receive  an  injection  of  500  units  of  antitetanic 
serum  as  soon  after  he  was  wounded  as  possible.  That  this  had  a  most 
important  influence  on  the  incidence  of  tetanus  among  the  wounded  men  is 
amply  proved  by  Diagram  1.  In  that  diagram  it  is  shown  that  the  ratio  of 
the  number  of  cases  of  tetanus  to  the  number  of  wounded  was  several  times 
as  high  in  September  and  October  as  in  November  and  December.  In 
September  it  was  9  per  1000,  in  December  it  fell  to  1-4  per  1000.  Now  this 
fall  was  undoubtedly  due  to  the  fact  that  few  prophylactic  inoculations  of 
antitetanic  serum  were  made  until  the  middle  of  October.  It  appears  that 
only  a  small  quantity  of  the  serum  was  taken  out  with  the  Expeditionary 
Force  in  August  1914,  and  this  only  for  purposes  of  treatment.  It  was  not 
until  the  number  of  cases  of  tetanus  became  alarming  that  steps  wore  taken 
to  secure  a  large  supply  and  ensure  that  every  wounded  man  received  a 
prophylactic  dose.  It  was  not  until  about  the  middle  of  October  that  prophy- 
lactic inoculation  was  introduced  on  anything  like  an  adequate  scale,  and  it 
was  at  this  time  that  the  remarkable  fall  in  the  incidence  of  the  disease 
took  place. 
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(h)    The  Incubation  'period  in  non-protected  and  protected  cases. 

The  next  question  is,  what  effect  has  the  prophylactic  inoculation  on  the 
length  of  the  incubation  period  ?  The  following  diagram  represents  the  in- 
cubation period  in  the  protected  and  the  unprotected.  There  are  899  protected 
and  213  unprotected  among  the  1458.    Many  cases  are  not  recorded. 
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Diagram  8.    Comparison  of  the  Period  of  Incubation  in  Protected  and  Unprotected. 

Diagram  8  shows  that  the  incubation  period  is  much  lengthened  in  the 
protected.  Only  26-9  per  cent,  of  the  protected  are  attacked  by  tetanus  during 
the  first  fortnight,  whereas  68-9  of  the  unprotected  are  attacked  in  the  same 
period.  Forty  per  cent,  of  the  protected  have  an  incubation  period  of  more 
than  35  days,  only  6-5  per  cent,  among  the  unprotected. 

Taking  all  the  cases  the  average  incubation  among  the  protected  is  45-5 
days,  among  the  unprotected  10-9  days. 

It  is  therefore  abundantly  manifest  that  the  prophylactic  injection  of 
antitoxin  lengthens  in  a  marked  degree  the  length  of  the  period  of  incubation. 

(c)    The  Rate  of  Mortality  among  the  protected  and  the  unprotected. 
The  following  table  gives  the  figures: — 

Table  X. 
Comparison  of  the  Rate  of  Mortality  in  the  Protected  and  Unprotected. 


Number 
of  cases 

Recovered 

Died 

Rate  of 
mortality 
per  cent. 

Protected        899 

676 

203 

22-5 

Unprotected  and  Unrecorded        559 

260 

298 

53-3 

Among  the  1458  cases  under  consideration  899  (61  per  cent.)  are  noted 
as  having  received  a  prophylactic  injection  of  antitetanic  serum.    Of  these 
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809  protoctcHl  casca,  070  recovered  and  203  died,  givinji;  a  mortality  of  22-5 
per  (rent.  In  i\\v  roinainin<^  55!)  cases,  there  is  no  record  of  proplivlactic 
treatment,  altlion;^}!  in  all  probability  many  of  them  received  it.  Of  these 
260  recovered  and  298  died,  a  mortality  of  5'i-.'i  p(^r  cent. 

These  fi<jjures  p:o  to  show  that  the  prophylactic  inoculation  of  antitoxin 
lowers  the  tnortality  more  than  one  half,  namely  from  5.'5-3  per  cent,  to  22-5 
per  cent.  Further  it  must  be  borne  in  mind  that  rrjany  wounded  men  came 
over  from  France,  especially  durin<^  the  first  half  of  the  war,  without  any 
records.  There  was  no  Field  Medical  Card  at  that  time.  These  unrecorded 
cases  have  been  placed  among  the  unprotected  class. 

{(1)    The  effect  of  multiple  prophylactic  inoculations  on  the  incidence  of 

tetanus  among  the  wounded. 

At  the  beginnincj  of  the  war  one  prophylactic  inoculation  was  the  rule, 
but  in  June  1917,  it  was  ordered  that  four  should  be  given  at  intervals  of 
seven  days,  each  injection  to  consist  of  500  units.  If  multiple  inoculations 
are  more  useful  than  a  single  dose,  this  should  show  itself  in  a  lowered  incidence 
of  tetanus  among  the  wounded.  At  present  it  is  impossible  to  make  any 
statement  as  the  data  available  are  insufficient.  It  is  true  that  the  incidence 
in  the  latter  half  of  1917  is  lower  than  in  the  corresponding  part  of  1916,  as 
shown  in  Diagram  1,  but  whether  this  is  in  any  way  due  to  the  introduction 
of  multiple  doses  or  not  it  is  difficult  to  say.  When  all  the  figures  are  available 
it  may  be  possible  to  see  the  effect. 

Col.  Lingard,  R.A.M.C.,  Queen  Mary's  MiUtary  Hospital,  Whalley  (Lanes.), 
gives  some  interesting  details  bearing  on  this  question.  He  states  that  since 
the  order  was  issued  on  17th  June  1917,  and  had  time  to  be  introduced  and 
carried  into  efltect,  15,152  surgical  patients  of  the  British  Expeditionary  Force 
have  been  admitted  to  this  hospital,  without  a  single  case  of  tetanus  developing. 
He  considers  this  a  most  encouraging  and  satisfactory  result  and  that  it 
justifies  all  the  extra  expense  and  labour  involved  in  the  multiple  inoculations. 

At  present  then  the  question  must  be  left  without  a  definite  answer. 
One  argument  in  favour  of  multiple  prophylactic  inoculations  is  that  if  the 
wounded  man  has  escaped  the  primary  dose  owing  to  the  stress  of  war,  this 
is  made  good  seven  days  afterwards. 

(e)    The  effect  of  one  or  more  than  one  inoculation  on  the  incubation  period. 

Diagram  9  gives  the  number  of  prophylactic  inoculations,  the  number  of 
cases  and  the  average  incubation  in  days.  With  one  inoculation,  the  average 
incubation  is  38-2  days;  with  two,  33-6  days;  with  three,  51  days;  and  with 
four  or  more  83-7  days. 

From  this  it  would  appear  that  the  incubation  period  tends  to  lengthen 
as  the  number  of  inoculations  increases;  but  whether  this  is  due  to  the 
multiple  injections  or  not,  it  is  difficult  to  say. 
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(/)  On  the  effcrl  of  one,  or  more  than  one,  prophf/lactic  inoculation 
on  the  rate  of  Mortality. 
Diagram  10  represents  the  effect  of  one,  or  more  than  one,  prophylactic 
inoculation  on  the  death-rate.  From  it  will  be  seen  that  wounded  men 
who  received  one  inoculation  had  a  case  mortality  of  25-1  per  cent.;  those 
who  received  two,  21-3  per  cent.;  three,  16-5  per  cent.;  and  four  or  more 
7*1  per  cent. 


Diagram  10.    The  ertect  of  one  or  more  propliylactic  inoculations  on  the  death-rate. 

From  these  diagrams  it  may  be  said  that  the  Tetanus  Committee  were 
justified  in  recommending  multiple  prophylactic  injections.  The  incubation 
period  appears  to  be  lengthened  and  the  death-rate  diminished.  Whether 
this  is  reallv  due  to  the  increase  in  the  number  of  inoculations,  or  merely  to 
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tlie  fact  that  the  caHcs  which  receive  tliiiHi  or  lour  injections  are  naturally 
the  milder,  more  chronic,  slower  cases  of  the  disease,  with  a  lower  rate  of 
mortality,  it  is  impossible  to  say.  i^ut  althon^di  it  must  be  confessed  that 
the  value  of  tliis  procedure  is  by  no  means  provcul  by  these  figures,  it  will 
probably  be  safe  to  recommend  that  multiple;  inoculations  should  be  continued 
until  more  evidence  is  accumulated. 

(//)     \\  lidf  ('JJccf,  if  (nil/,  hits  ihc  lime  of  inoculation  on  the  rate  of  mortality? 

In  regard  to  what  influence  promptitude  in  giving  the  prophylactic 
inoculations  has  on  the  rate  of  mortality,  the  following  table  gives  all  the 
information  available  from  the  1458  cases. 

Table  XI. 
The  effect  of  the  time  of  inoculation  on  the  rate  of  Mortality. 

Number  Prophylactic  Mortality 

of  cases               inocularion           Recovered  Died  per  cent. 

611  On  day  of  wound              467  144             23-5 

140  One  day  after  wound        111  29             20-7 

106  Two  days  after  wound       79  27             25-4 

From  this  table  it  would  appear  that  it  is  better  to  be  inoculated  the 
day  after  receiving  the  wound  than  on  the  day  of  the  wound.  But  after  all 
there  is  not  much  difference  in  the  three  rates  and  it  probably  does  not  make 
much  difference  in  the  death-rate  whether  the  first  prophylactic  inoculation 
is  given  on  the  day  of  wound  or  a  day  or  two  after.  At  least  this  is  what 
the  figures  would  seem  to  show.  There  probably  is  some  effect  on  the  incidence 
of  the  disease  among  the  wounded,  and  it  would  appear  to  be  self-evident 
that  the  sooner  the  prophylactic  is  given  after  the  wound  is  received,  the 
better. 

(h)    On  the  results  obtained  from  the  Increase  of  the  Primary 
Prophylactic  dose  from  500  to  1500  units. 

On   the  recommendation  of  the  Adviser  in   Pathology  to  the  British 

Expeditionary  Force  in  France,  the  primary  prophylactic  dose  was  changed 

from  500  to  1500  units.  This  change  took  place  about  the  beginning  of  August 

1918.    The  following  table  shows  the  amount  of  the  primary  prophylactic 

dose,  the  number  of  cases,  the  average  period  of  incubation,  and  the  rate  of 

mortality. 

Table  XII. 


The  effect  on  the 

rate  of  Mortality  of  the  a 
dose  of  serum. 

mount 

of  the  primary 

Primary 
jjrophylactic 
dose 
500  units 

Average  len 
Number             of  incubati 
of  eases                    in  days 
238                          38(i 

lirth 

on 

Rate  of 

mortality 

per  cent. 

22-4 

750     „ 

140                        421 

16-4 

1000     ,. 

40                       590 

105 

1500     „ 

106                        250 

274 
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This  table  is  j^iven  for  what  it  is  worth.  From  it  will  be  seen  that  238  cases 
of  tetanus  which  received  a  primary  prophylactic  dose  of  500  units  had  an 
incubation  period  of  38-G  days  and  a  death-rate  of  22-4  per  cent.;  whereas 
106  men  who  are  stated  to  have  received  a  primary  dose  of  1500  units  had 
an  incubation  period  of  only  25  days  and  a  death-rate  of  27-4.  The  deduction 
is  that  the  primary  injection  of  500  units  as  recommended  by  the  Tetanus 
Committee,  should  be  continued,  as  it  seemed  to  be  quite  as  efficacious  as 
the  1500  units.  This  will  mean  economy,  in  money,  space  and  transport. 
Further  it  is  probable  that  3  c.c.  of  horse  serum  are  better  borne  and  give 
rise  to  less  irritation  than  9  c.c. 

It  must  also  be  remembered  that  four  prophylactic  doses  are  given  at 
intervals  of  seven  days.  If  only  one  dose  is  given  it  is  possible  that  a  larger 
primary  dose  than  500  units  might  be  given  with  advantage,  but  there  is  no 
proof  of  this. 

(/)    The  addition  to  the  antitetanic  serum  of  the  antitoxins  of  other 
anaerobes  found  in  wounds. 

It  may  be  useful  to  record  here  that  attempts  were  made  towards  the  end 
of  the  war,  to  add  to  the  antitetanic  serum  the  antitoxins  of  B.  welchii, 
Vibrion  septique  and  B.  oedematiens.  An  account  of  this  is  given  in  the  fourth 
edition  of  the  Memorandum  on  Tetanus  and  also  in  War  Medicine,  December 
1918. 

It  will  be  sufficient  to  say  here  that  no  satisfactory  or  practical  results 
came  of  these  attempts,  as  the  war  ended  before  the  methods  were  at  all 
perfected.  If  this  attempt  is  made  at  any  future  time  it  would  be  advisable 
to  make  the  experiment  independently  of  the  antitetanic  serum  lest  the 
latter  be  brought  into  disrepute  and  we  lose  the  substance  in  snatching  at 
the  shadow. 

VIII.    THERAPEUTIC  OR  CURATIVE  TREATMENT  OF  TETANUS. 

This  is  undoubtedly  a  difficult  subject  to  be  dogmatic  upon.  The  curative 
treatment  of  tetanus  by  carbolic  acid,  magnesium  sulphate  and  other  salts 
may  be  dismissed  with  the  remark  that  in  home  hospitals  they  proved  a 
failure  and  soon  dropped  out  of  the  running.  The  only  specific  therapeutic 
treatment  is  by  the  injection  of  tetanus  antitoxin.  It  has  been  proved  up  to 
the  hilt  that  the  prophylactic  inoculation  of  antitoxin  is  of  very  great  value; 
lowering  the  incidence,  lengthening  the  period  of  incubation  and  lessening 
the  death-rate.  But  when  an  attempt  is  made  to  appraise  the  value  of  anti- 
toxin, given  after  the  symptoms  of  tetanus  have  declared  themselves,  great 
difficulty  is  met  with.  Wide  differences  of  opinion  are  held,  many  holding 
that  if  given  early  and  in  sufficient  quantity  it  acts  powerfully  for  good; 
others  doubting  its  usefulness  but  hesitating  to  discard  it  altogether.  The 
latter  argue  that  as  it  is  the  only  rational  specific  drug  against  tetanus  in 
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our  possession  it  would  bo  wron^^  to  withliold  it  in  such  a  fatal  disease  as 
tetanus.  Thev  t  hink  there  is  an  ofT  cliiince  t  hat  it  may  t  iiiii  tlie  scale  in  favour 
of  the  wounded  man. 

The  e.xperimental  evidence  is  in  favour  of  th(!  antitoxin  as  a  curative 
agent.  IVof.  Sherrin«iton  has  shown  that  serum  treatment  of  experimental 
tetanus  in  monkeys  shows  a  recovery  rate  in  a  series  of  25  animals  of  ii  per 
cent.  The  monkeys  were  inoculated  with  a  dose  of  tetanus  toxin  more  than 
eight  times  the  minimum  lethal  dose.  The  antitetanic  serum  was  not  brought 
into  play  until  twelve  to  sixty  hours  after  the  symptoms  of  tetanus  had 
declared  themselves.  It  is  true  that  there  is  a  great  difference  in  tetanus  in 
man  and  experimental  tetanus  in  the  monkey.  In  the  one  case  there  is  present 
the  living  tetanus  bacillus,  in  the  other  a  weighed  quantity  of  the  dead  poison. 
But  the  fact  still  remains  that  here  we  have  animals,  suffering  from  definite 
symptoms  of  tetanus,  who  would  undoubtedly  all  die  in  a  very  short  time 
if  untreated,  receiving  a  single  dose  of  antitoxin  with  the  result  that  half  of 
them  recover. 

In  regard  to  the  statistical  proof  of  the  value  of  antitoxin  as  a  curative 
agent,  it  is  doubtful  if  any  truth  can  be  arrived  at  by  the  study  of  the  figures 
at  our  disposal.  There  is  no  uniformity  in  the  treatment  of  tetanus  in  man. 
The  men  who  suffer  are  also,  as  a  rule,  suffering  from  other  grievous  maladies — 
wounds,  fractures,  septicaemias,  pneumonias,  haemorrhages,  heart  failures, 
etc.,  so  that  if  the  man  dies  it  is  impossible  in  many  cases  properly  to  fix 
the  blame. 

Capt.  Golla,  a  member  of  the  Tetanus  Committee,  has  compared  the 
results  obtained  from  the  use  of  therapeutic  serum  in  this  war  with  those  of 
pre-serum  days.  He  is  of  opinion  that  the  rate  of  mortality  in  cases  of  tetanus 
in  this  war  which  did  not  receive  a  prophylactic  injection  of  antitoxin  but 
did  receive  therapeutic  treatment,  approaches  very  closely  to  the  rate  of 
mortality  in  pre-serum  days.  In  other  words,  it  would  appear  from  his 
figures  that  the  therapeutic  use  of  serum  is  of  little  or  no  practical  value  in 
treatment.  It  is  taught  at  the  present  time  that  tetanus  toxin  which  has 
been  taken  up  and  fixed  by  the  nerves  or  nerve  cells  is  inaccessible  to  anti- 
toxin. If  a  lethal  dose  has  been  taken  up  by  the  nerves  and  is  travelling 
towards  the  nervous  centres,  before  the  serum  treatment  is  begun,  then  no 
amount  of  antitoxin  will  save  the  patient. 

But  in  spite  of  these  statistical  considerations,  and  in  view  of  the  experi- 
mental results,  it  is  clear  that  medical  officers  will  continue  for  the  present 
to  give  a  case  of  tetanus  the  benefit  of  the  doubt  and  use  antitetanic  serum 
therapeutically.  As  Ransom  states,  it  may  neutralise  some  of  the  free  toxin 
in  the  blood  and  lymph,  and  prevent  it  ultimately  entering  the  nervous  system 
and  causing  death,  when  the  toxin  already  admitted  through  the  motor 
nerves  is  not  sufficient  to  do  so. 

It  remains  then  to  decide  as  to  the  best  route  and  the  best  dosage. 

The  total  quantity  of  antitetanic  serum  issued  to  the  army  during  the 
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war  was  11,258,125  doses  of  500  units  of  low  potency  serum  and  27,549  doses 
of  8000  units  of  lii^h  potency  serum. 

(a)    What  is  the  best  route  for  the  administration  of  antitetanic  Serum? 

No  answer  to  this  question  can  be  given  from  a  study  of  the  figures 
available  for  this  report.  Experience  during  the  war  does  not  seem  to  have 
led  to  any  uniformity  of  practice.  In  one  school  a  large  single  dose  of  some 
30,000  units  of  antitoxin  given  intravenously  is  the  method  used.  In  another 
the  subcutaneous  route  is  chosen,  and  as  much  as  100,000  units  given  during 
the  first  24  hours.  In  yet  a  third  the  intramuscular  is  considered  the  best. 
The  Tetanus  Committee  on  the  other  hand  are  of  opinion  that  in  acute  general 
tetanus  the  best  method  of  treatment  lies  in  the  earliest  possible  administra- 
tion of  large  doses  of  antitetanic  serum  by  the  intrathecal  route.  The 
Committee  agrees  that  the  intravenous  route  is  an  excellent  and  rapid  method 
of  giving  serum,  but  thinks  that  the  danger  from  anaphylactic  shock  renders 
it  less  useful. 

As  there  did  not  seem  to  be  any  hope  of  proving  which  is  the  best  route 
from  the  figures  at  their  disposal  the  Committee  instituted  a  series  of  animal 
experiments.  Prof.  Sherrington  carried  these  out  at  Oxford,  and  the  result 
is  given  in  the  following  table. 


Table 

XIII. 

e  effect  of  route  on 

the  administration  of  antitetanic 

Route 

Number  of      Number  of 
animals  used        deaths 

Number  of 
recoveries 

Subcutaneous     ... 

25 

23 

2 

Intramuscular    . . . 

25 

22 

3 

Intravenous 

25 

18 

7 

Lumbar  subdural 

25 

11 

14 

Bulbar  subdural 

20 

7 

13 

Cerebral  subdural 

10 

10 

— 

It  will  be  seen  from  the  above  table  that  the  results  are  indubitably  in 
favour  of  the  intrathecal  route. 

Out  of  the  total  of  1458  cases  of  tetanus  treated  in  home  hospitals,  1389 
had  injections  of  antitetanic  serum  after  the  onset  of  the  symptoms.  Of  these 
923  recovered  and  466  died,  a  rate  of  mortality  of  33-5  per  cent. 

The  following  table  gives  the  various  routes  employed  in  the  administration 
of  antitetanic  serum  in  the  1389  cases.  In  the  remaining  69,  43  had  no 
therapeutic  injection  of  any  kind,  21  died  of  other  diseases  and  in  5  the  route 
is  not  specified.  This  tabular  statement  is  given  in  order  to  place  on  record 
the  methods  used  during  the  war.  It  is  useless  for  the  purpose  of  obtaining 
evidence  as  to  the  best  route. 
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!.l.'  XIV. 

CaHcs  wcrt'  (rciilcd  liy 

Mortality 

injcctioMH  of  .scniin 

( 'ases          W 

!e('()\cte(| 

Died 

per  cent. 

Suhinitam-oiis  alone 

2\H 

\2\) 

1  It) 

47-9 

Ijitranniscular  alone 

1 33 

ih) 

U 

100 

Infravetjotis  alone 

33 

10 

17 

51-5 

Inlialliecal  alone 

43 

19 

24 

5(5-5 

NulxMitaneons  and  int  ranniseiilar 

86 

76 

9 

100 

Suhentaneous  and  intravenous 

49 

23 

26 

530 

Suhcutaneous  and  intratlieeal  ... 

163 

88 

76 

460 

Inlrainiiseiilar  and  in( ravenous 

28 

18 

10 

35-7 

Intramuscular  and  intrathee^il 

2r,o 

177 

73 

29-2 

Intravenous  and  intrathecal     ... 

24 

11 

13 

54- 1 

Subcutaneous,  intramuscular  and 

9 

3 

6 

060 

intravenous 

Subcutaneous,  intramuscular  and 

205 

161 

44 

21-4 

intrathecal 

Subcutaneous,   intravenous   and 

45 

31 

14 

311 

intrathecal 

Intramuscular,  intravenous  and 

47 

30 

17 

301 

intrathecal 

Subcutaneous,  intramuscular, In- 

27 

22 

6 

18-5 

travenous  and  intrathecal 

27 


(h)    What  is  the  best  dosage. 

The  Tetanus  Committee  recommended  in  their  Memorandum  that  in  the 
treatment  of  acute  general  tetanus  large  doses  should  be  given.  The  term 
"large  dose"  is  not  very  definite.  By  it  the  Committee  meant  about  24,000 
units  in  24  hours.  Towards  the  end  of  the  war  a  circular  was  sent  round  by 
the  British  Medical  Authorities  in  France  recommending  much  larger  doses. 
The  circular  states  that  the  treatment  of  generalised  tetanus  by  means  of 
antitoxin  had  not  so  far  given  encouraging  results,  and  that  in  a  recent  series 
of  60  cases  the  case  mortality  was  71-2  per  cent.  The  dosage  of  24,000  units 
on  the  first  days,  as  recommended  by  the  Tetanus  Committee,  was  looked 
upon  as  too  small,  and  a  dosage  three  times  as  large  was  advocated.  Three 
cases  are  reported  in  which  recovery  took  place  after  very  large  doses.  The 
first  received  64,000  units  during  the  first  24  hours,  given  in  three  intrathecal, 
one  intravenous  and  four  subcutaneous  injections.  Eight  different  injections 
in  the  first  24  hours  and  all  of  8,000  units.  This  may  be  necessary,  but  it  is 
difficult  to  picture  such  a  quantity  of  toxin  circulating  in  the  blood  and 
lymph  as  to  require  such  a  huge  quantity  of  antitoxin  for  its  neutralisation. 
The  first  two  cases  are  reported  to  have  had  severe  serum  rashes,  and  one  is 
reported  to  have  had  a  moderate  anaphylactic  shock.  It  surely  cannot  be 
necessary  to  give  such  large  and  numerous  doses.  If  symptoms  of  tetanus 
appear  it  seems  necessary  with  our  present  knowled^ie  to  inject  antitoxin. 
Animal  experiments  show  that  the  intrathecal  route  is  the  most  efficacious. 
One  would  therefore  conclude  that  a  dose  of  20  c.c.  of  high  potency  serum, 
containing  16,000  units,  given  intratherally  on  the  first  and  second  days, 
supplemented  and  continued  by  intramuscular  aud  sul)cutancous  injections 
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vvoiikl   be  sufticient   to   keep   the   Hiiids  of  the   l)(>dy   amply  8up[)Iied  with 
antitoxin. 

In  regard  to  the  quantities  of  antitoxin  used  therapeutically  in  home 
hospitals  during  the  war  the  following  two  tables  give  approximately  the 
total  amount  of  serum  given,  and  the  average  daily  amount. 

Table  XV. 
The  Total  quantity  of  antitoxin  given  in  Home  Military  Hospitals. 


Mortality 

Out  of  the  1381  cases 

Recovered 

Died 

per  cent. 

15  received      1,000  units  or  undei 

7 

8 

53-3 

156 

1,001  „ 

5,000      „ 

79 

77 

49-3 

144 

5,001  „ 

10,000     . 

64 

80 

55-5 

106 

10,001  „ 

15,000      , 

65 

41 

39-6 

84 

15,001  „ 

20,000     , 

49 

35 

41-6 

166 

20,001  „ 

30,000      , 

104 

62 

37-3 

114 

30,001  „ 

40,000     , 

84 

30 

280 

180 

40,001  „ 

(50,000     . 

123 

67 

31-6 

202 

60,001  „ 

100,000      . 

165 

47 

23- 1 

158 

100,001  „ 

200,000      , 

141 

17 

10-7 

32 

200,001  „ 

300,000     , 

26 

6 

18-7 

9 

300,001  „ 

400,000     , 

8 

1 

111 

9 

400,001  „ 

500,000      , 

9 

— 

— 

4 

500,001  „ 

600,000     , 

4 

— 

— 

2 

600,001  „ 

900,000     , 

2 

— 

— 
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Diagram  11.    Influence  of  dosage  on  curative  action  of  antitoxin. 

It  appears  from  Diagram  11  that  the  greater  the  amount  of  serum  given 
the  lower  the  mortality.  This  probably  merely  means  that  the  longer  the  man 
lived  the  more  serum  he  received.  The  short  acute  cases  died  before  they  had 
time  to  receive  a  large  quantity.  Some  of  the  men  received  very  large 
quantities  indeed.    One  man  for  example  received  150,000  units  daily  for 
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3  days;  an  avora«^'e  of  -ir),()()()  for  20  days;  tho  <rraiid  total  I)('i?i;4.9()(),()0()  units. 
If  ordinary  sonun  was  used  at  1500  units  to  10  cc,  tlicn  the  man  received 
G  litres  of  horse  serum  in  20  days.  As  each  dose  of  500  units  eosts  one  sliilling 
then  this  mairs  treatment  cost  £1)0  in  serum  alone.  This  hu^^e  (juantity  was 
all  «j:iven  intramuscularly;  the  man  is  reported  to  have  had  a  sli;i;ht  serum  rash, 
and  that  he  recovered. 

Table  X\L 

The  (tveraqe  dailf/  quanUIji  of  (uifltoxin  given  during  the  attm-k. 


Out.  of  tlH>  1381  casrs 
36  received     1,000  units  or  utuler 


487 

'MV,i 

194 

114 

109 

47 

25 

6 


1,001  „  5,000 

5,00 1  „  10.000 

10,001  „  15,000 

15,001  „  20,000 

20,001  „  30,000 

30,001  „  40,000 

40,001  „  60,000 

60,001  „  100,000 


Recovered 

24 
308 
280 
145 

78 

48 

23 

11 
3 


Died 
12 
179 
83 
49 
36 
61 
24 
14 
3 


Mortulity 
jM-r  cent. 

333 

36- 1 
22-8 
25-2 
31-5 
55-9 
57  0 
560 
500 


Diagram  12  <2;ives  the  average  daily  dose.  Here  an  opposite  condition 
prevails.  The  larger  the  dose  the  higher  the 'mortality.  This  probably  merely 
means  that  the  more  severe  cases  received  larger  daily  doses  than  the  less 
severe  cases. 
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Diagram  12.    The  average  daily  dose  of  antitoxin  in  home  military  hospitals. 

It  is  quite  evident  that  no  deduction  as  to  the  value  of  antitetanic  serum 
as  a  therapeutic  agent  can  be  made  from  these  premises.  At  present  then 
the  position  seems  to  be  this:  antitoxin  has  no  power  of  neutralising  toxin 
in  the  nervous  system.  If  a  fatal  amount  has  been  absorbed  then  no  amount 
of  antitoxin  will  save  the  man's  life.   If  there  is  any  free  toxin  circulating  in 
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the  blood  or  lymph  the  antitoxin  may  neutralise  it  and  so  possibly  prevent 
further  mischief.  If  then  a  fatal  amount  has  not  been  absorbed  by  the  nerve 
cells,  the  injection  of  antitoxin  may  be  of  use.  By  animal  experiment  it  appears 
to  be  proved  that  the  intrathecal  route  is  the  best.  Therefore  the  Tetanus 
Committee  in  the  fourth  edition  of  the  Memorandum  on  Tetanus  recommended 
antitoxin  intrathecally  at  the  first  sign  of  tetanus. 

IX.    TYPES  OF  TETANUS  BACILLI. 

Major  Tulloch,  a  member  of  the  Tetanus  Committee,  worked  with  the 
greatest  industry  in  order  to  obtain  pure  cultivations  of  the  tetanus  bacilli 
with  a  view  to  separating  and  studying  the  different  strains.  By  means  of 
agglutination  tests  he  has  separated  them  into  four  types.  It  w^as  expected 
that  each  tvpe  would  be  specific  to  its  own  serum,  but  this  was  found  not 
to  be  the  case.  Antitoxin  prepared  from  any  one  of  the  types  is  stated  to 
neutralise  the  toxins  of  all  the  types.  It  appears  that  in  the  past,  tetanus 
antitoxin  has  been  as  a  rule  prepared  from  Tulloch's  type  1  bacillus,  but 
now  as  the  result  of  his  w^ork  it  is  usual  in  England  to  inject  the  horses  with 
toxins  from  all  four  types.  This  subject  is  admittedly  in  its  infancy  and 
Tulloch's  papers  should  be  consulted  for  fuller  information. 

X.    ANAPHYLAXIS. 

Anaphylactic  shock  after  prophylactic  injections. 

These  injections  consist  of  3  c.c.  of  horse  serum  if  500  units  are  given; 
of  9  or  10  c.c.  if  1500  are  given: — serious  symptoms  resulting  from  these  small 
subcutaneous  injections  are  exceedingly  rare,  but  occasionally  severe  shock 
may  follow^  the  injection  of  even  the  smaller  of  these  doses. 

In  England  alone,  during  the  war,  it  is  probable  that  some  two  millions 
of  prophylactic  doses  of  antitetanic  serum  have  been  given.  Out  of  this  huge 
number  only  eleven  cases  of  shock  have  been  reported.  All  eleven  cases 
recovered.  No  doubt  these  cases  appear  very  alarming  when  they  occur,  but 
they  are  so  rare  that  they  may  be  looked  upon  as  negligible. 

Anaphylactic  shock  following  the  therapeutic  use  of  serum. 

Since  the  beginning  of  the  war,  49  cases  of  anaphylactic  shock  have  been 
notified  (3-5  per  cent.).  There  w^ere  12  deaths  (0-8  per  cent.).  Fifteen  cases 
weie  reported  as  severe,  6  as  moderate,  and  16  as  mild. 

Of  the  49  cases  of  shock,  17  were  caused  by  intrathecal  injections,  14  by 
intravenous,  9  by  intramuscular  and  2  by  subcutaneous.  In  7  it  is  doubtful 
which  injection  caused  the  shock.  Of  the  whole  number  of  cases  of  tetanus, 
757  received  intrathecal,  232  intravenous,  736  intramuscular  and  819  sub- 
cutaneous injections. 

It  follows  then  that  2  per  cent,  of  the  cases  of  shock  foUow^ed  the  intrathecal 
injections,  6  per  cent,  the  intravenous,  1-2  per  cent,  the  intramuscular  and 
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0*2  per  cent,  the  siihcutaiieouH  route  of  injection.  It  \h  evident  from  these 
fiiTjiires  that  the  most  (lan«x<'rous  route  for  the  therapeutic  injection  of  anti- 
tetanic  serum  is  the  iutrav(Mious,  and  that  the  Tetanus  Committee  were 
justified  in  not  recommendin;^^  it. 

From  this  it  will  1)C  seen  that  anaphyhictic  shock  after  therapeutic 
injections  of  antitetanic  serum  is  hy  no  means  a  rare  phenomenori,  and 
markedly  reduces  the  questionable  usefulness  of  therapeutic  serum. 
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INTRODUCTION. 


The  work  on  the  meningococcus  described  in  this  report  was  begun  in  1916 
in  connection  with  the  measures  instituted  by  Lieut.-Colonel  M.  H.  Gordon, 
C.M.G.,  for  the  preventive  control  of  cerebro-spinal  fever  in  the  Army. 

These  measures  required  large  quantities  of  monovalent  agglutinating 
sera  for  the  identification  of  the  four  types  of  meningococci  defined  by  Colonel 
Gordon.  The  preparation  of  the  sera  from  rabbits  was  carried  out  at  the 
Central  C,-S.  F.  Laboratory  and  on  account  of  the  great  demand  entailed 
much  labour.  With  a  view  to  helping  to  meet  this  demand  it  was  arranged 
by  the  Medical  Research  Committee,  at  Colonel  Gordon's  request,  that  I 
should  prepare  agglutinating  sera  from  horses  against  the  four  types  of 
meningococci.  Unfortunately  the  horse  sera  did  not  prove  sufficiently  specific 
for  differential  purposes  and  the  work  was  discontinued.  Later  on,  the 
immunisation  of  horses  was  resumed  with  the  object  of  testing  different 
methods  of  preparing  therapeutic  sera. 

While  the  above  work  on  horses  was  in  progress  I  took  the  opportunity 
to  study  the  serological  reactions  of  the  various  strains  of  meningococci 
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which  had  come  into  my  possession,  and  to  compare  the  relative  values  of 
agglutinating  sera  from  different  species  of  animals  (horse,  goat  and  rabbit) 
for  the  differentiation  of  meningococci.  The  results  of  these  serological  tests 
are  detailed  in  Part  I  of  this  report. 

Part  II  of  my  report  deals  with  the  methods  of  preparation  of  anti- 
meningococcus  serum  for  therapeutic  purposes. 

The  work  was  done  at  the  Field  Laboratories,  University  of  Cambridge. 

PART  I. 

SEROLOGICAL  REACTIONS  OF  MENINGOCOCCI. 

Source  of  strains.  The  strains  of  meningococci  used  in  this  investigation 
were  obtained  from  three  different  sources  and  each  group  of  strains  is 
considered  in  a  separate  section. 

Colonel  Gordon  supplied  me  with  44  strains  of  meningococci,  derived 
from  military  cases  of  cerebro-spinal  fever,  which  had  previously  been 
identified  either  by  the  agglutination  test  alone,  or  by  the  agglutination  and 
absorption  tests  with  one  or  other  of  his  four  types. 

The  second  series  was  sent  to  me  by  Dr  F.  Griffith  from  the  Local  Govern- 
ment Board's  laboratory  and  comprised  31  strains.  These  were  to  some 
extent  selected,  many  being  strains  which  had  been  found  to  have  a  limited 
capacity  for  absorbing  agglutinins.  All  were  derived  from  the  cerebro-spinal 
fluid  of  cases  of  meningitis  which  had  occurred  during  the  epidemic  prevalence 
of  cerebro-spinal  fever. 

The  third  series  of  18  unselected  strains  from  adult  cases  of  cerebro- 
spinal fever  were  obtained  from  Mr  H.  W.  C.  Vines  and  Dr  W.  M.  Scott. 

Preparation  of  Agglutinating  Sera.  All  the  sera  used  in  the  investigation 
of  the  serological  characters  of  the  different  groups  of  strains  were  prepared 
(with  the  exception  of  one  from  a  goat)  from  rabbits  with  representative 
strains  from  each  of  Gordon's  four  types.  The  rabbits  were  immunised  by 
the  intravenous  injection  of  cultures  grown  on  glucose  agar.  The  inoculations 
were  made  with  stock  suspensions  and  only  occasionally  were  living  cultures 
used.  The  initial  dose  was  5  or  10  mgrm.,  and  this  was  gradually  increased, 
at  five  to  ten  days'  intervals,  to  a  maximum  of  80  mgrm.  The  majority  of 
the  rabbits  were  found  to  give  a  good  agglutinating  serum  after  from  three 
to  five  weeks,  when  the  dose  had  reached  40  or  50  mgrm.  When  the  titre  of 
a  serum  was  satisfactory  the  rabbit  was  bled  and  the  serum  preserved  with 
0*5  per  cent,  carbolic  acid. 

The  methods  of  immunising  horses  and  goats  are  described  in  the  sections 
dealing  with  the  results  of  serological  tests  with  the  sera  of  these  animals. 

Technique  of  agglutination  and  absorption  tests.  Cultures  for  these  tests 
were  grown  on  glucose  agar  at  37°  C.  for  24  hours.  The  growth  was  scraped 
off,  put  into  a  previously  tared  sterile  test  tube  and  weighed.  Sufficient 
0*5  per  cent,  carbolic  acid  in  0-85  per  cent,  salt  solution  was  added  to  form  a 
suspension,  1  c.c.  of  which  contained  20  mgrm.  of  culture.  The  tubes  were  then 
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heated  in  a  water  bath  at  G^f  {\  fov  lialf-an-hour.  This  constituted  the  stociv 
suspension  and  was  used  in  that  stren^^th  for  absorption  tests.  For  agghitina- 
tion  tests  the  stock  suspcMision  was  dibited  so  that  1  c.e.  contained  2  ni<^ini. 
of  culture.  The  agghitination  t(^sts  w(U'e  nia(b'.  in  small  tubes  nifiasuring 
iV  X  .V'.  Into  each  of  these  0-5  c.c.  of  the  serum  dilution  and  0-5  c.c.  of  the 
suspension  of  cocci  were  pipetted  and  the  tub(;s,  after  being  cork(;d,  were  put 
into  a  55°  C.  incubator  for  24  hours;  at  the  end  of  24  hours  readings  were  taken. 

The  greatest  concentration  of  serum  in  a  mixture  was  I  in  l(>').  TIk-  end 
point  chosen  was  the  highest  dilution  at  wliicli  the  cocci  were  com  plot  cly 
clumped  and  sedimented,  the  supernatant  fluid  being  (jiiite  clear  or  showing 
oidy  the  faintest  trace  of  cloudiness.  Each  figure  in  the  tables  re.presents 
this  end  point.  When  there  was  well-marked  clumping  at  1  in  KK),  but  the 
fluid  remained  cloudy,  this  result  is  represented  by  the  +  sign.  Th(i  symbol 
(+)  represents  a  slighter  degree  of  agglutination.  When  there  was  no  clumping, 
or  only  a  trace  at  1  in  100,  the  —  sign  is  used. 

For  absorption  tests  equal  quantities  of  the  stock  suspension  of  the  coccus 
(20  mgrm.  per  c.c.)  and  the  diluted  serum  were  incubated  at  55""  C.  over-night 
in  centrifuge  tubes.  Usually  the  serum  was  diluted  1  in  25,  but  when  the 
titre  of  the  serum  was  very  high  a  1  in  50  dilution  of  the  serum  was  employed. 
Thus,  each  cubic  centimetre  of  a  mixture  contained  10  mgrm.  of  cocci  in 
a  1  in  50,  or  a  1  in  100  dilution  of  the  serum.  After  centrifuging,  the  super- 
natant fluid  was  used  for  agglutination  tests  on  the  homologous  coccus,  and 
each  absorbed  serum  was  also  tested  on  the  absorbing  coccus. 

SECTION  1. 

Colonel  Gordon's  strains. 

This  series  comprises  44  strains  which  had  been  classified  as  follows: 
18  Type  I,  17  Type  II,  4  Type  III  and  5  Type  IV.  One  of  the  strains  in  the 
Type  I  sub-group  was  found  by  me  on  investigation  by  absorption  tests  to 
be  not  a  Type  I  but  a  Type  III  coccus.  Gordon  (1917)  has  stated  that  some 
of  his  early  strains  provisionally  classified  as  Type  I  would  probably  be  found 
on  application  of  the  absorption  test  to  be  Type  III  strains,  and  this  statement 
has  been  confirmed  by  Tulloch  (1917).  As  this  was  no  doubt  one  of  those 
strains  it  has  been  transferred  to  the  Type  III  sub-group.  The  amended 
classification  of  the  strains  is  therefore  as  follows:  17  Type  I,  17  Type  II, 
5  Type  III  and  5  Type  IV. 

The  object  of  the  investigation  was  to  ascertain  whether  Gordon's  classi- 
fication of  the  strains  would  hold  good  with  sera  prepared  from  some  of  them 
in  a  different  laboratory. 

Monovalent  agglutinating  sera  were  prepared  by  me  from  rabbits  with 
strains  from  each  of  the  four  types  of  cocci,  and  altogether  15  of  the  44  strains 
were  used  for  this  purpose. 

The  results  of  agglutination  and  absorption  tests  with  the  sera  from  each 
type  of  coccus  will  now  be  considered  in  detail.  The  agglutination  results 
are  set  out  in  Tables.  I  (a)  and  I  (6). 

3—2 
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Table  I  (a).    Simple  agglutination  tests  upon  Gordon  s  strains  of  meningococci 
tvith  sera  prepared  from  members  of  each  of  the  four  types. 

Type  I  sera  Type  III  sera  Type  II  sera         Type  IV 

^  A  1 A 

"(;ou"      "All"    "Litt"   ''Bunt"  "Bunt"  "Mac"    "Mer"     "D"      "Off"     "Foh"   "Harr*   "Hie" 
serum      8eruui     serum     serum      serum     serum     serum    serum    serum     serum     serum     serum 


Designation 

litre 

titre 

titre 

titre 

titre 

titre 

titre 

titre 

titre 

titre 

titre 

titre 

of  strains 

1-800 

1-1600 

1-800 

1-3200 

1-800 

1-1600 

1-1600 

1-1600 

1-3200 

l-32(JO 

1-100 

1-40 

Type  I- 

Oou 

800 

3200 

800 

200 

400 

100 

200 

200 

800 

800 

400 

400 

AH 

200 

1600 

800 

800 

200 

100 

200 

400 

400 

400 

100 

Litt 

200 

800 

800 

400 

1600 

800 

800 

200 

1600 

400 

400 

800 

Win 

800 

1600 

800 

200 

200 

100 

200 

200 

400 

100 

100 

100 

Sher 

800 

3200 

800 

200 

400 

200 

200 

200 

800 

400 

200 

400 

Kn 

800 

3200 

800 

200 

200 

400 

200 

200 

400 

200 

200 

100 

Lis 

800 

1600 

800 

400 

200 

•  •  • 

•  •  • 

•  ■  • 

. . . 

... 

Mit 

800 

1600 

800 

200 

+ 

200 

100 

100 

200 

400 

100 

200 

How 

200 

1600 

800 

4- 

+ 

200 

(  +  ) 

100 

200 

100 

(  +  ) 

(  +  ) 

Bal 

400 

1600 

1600 

800 

200 

200 

200 

800 

200 

100 

200 

Fox 

400 

1600 

800 

200 

800 

200 

200 

200 

400 

200 

200 

200 

Sco 

1600 

400 

100 

400 

200 

100 

100 

200 

200 

100 

100 

Char 

400 

3200 

800 

200 

800 

400 

200 

400 

400 

400 

200 

200 

Far 

200 

1600 

800 

800 

400 

800 

800 

400 

800 

400 

400 

200 

Mif 

400 

1600 

800 

- 

200 

100 

200 

100 

(  +  ) 

100 

100 

(  +  ) 

Pay 

... 

3200 

800 

. . . 

800 

200 

400 

100 

•  •  • 

400 

. . . 

•  •  . 

Jor 

1600 

3200 

1600 

400 

800 

200 

100 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

Type  Ill- 

Mac 

200* 

200 

200 

1600 

1600 

1600 

1600 

100 

1600 

200 

400 

100 

Bunt 

+ 

200 

400 

3200 

800 

1600 

100 

800 

200 

400 

200 

Cha 

... 

100 

100 

1600 

800 

800 

200 

800 

400 

400 

400 

Mer 

... 

200 

100 

1600 

1600 

1600 

1600 

200 

800 

200 

800 

200 

Jac 

- 

(  +  ) 

100 

800 

800 

1600 

100 

•  .  . 

100 

a  •  • 

•  •  • 

Type  IT— 

McP 

- 

100 

200 

100 

400 

400 

200 

200 

800 

800 

400 

400 

Wat 

- 

(+) 

100 

(  +  ) 

200 

— 

- 

1600 

800 

3200 

800 

400 

Mi 

(  +  ) 

200 

200 

400 

1600 

400 

800 

1600 

3200 

3200 

800 

200 

Wy 

- 

100 

200 

400 

800 

400 

400 

800 

1600 

3200 

1600 

200 

Glid 

- 

(  +  ) 

400* 

(  +  ) 

400 

(+) 

100 

1600 

3200 

3200 

800 

400 

Mat 

... 

(  +  ) 

+ 

- 

(+) 

- 

(  +  ) 

800 

800 

800 

200 

(  +  ) 

Off 

- 

200 

(  +  ) 

800 

100 

800 

3200 

6400 

800 

400 

Cu 

- 

+ 

100 

100 

800 

400 

1600 

1600 

3200 

800 

400 

New 

- 

200 

200 

800 

100 

800 

3200 

3200 

1600 

200 

Mor 

... 

(  +  ) 

100 

{+) 

+ 

... 

(  +  ) 

1600 

800 

1600 

400 

400 

Harr 

- 

(+) 

(  +  ) 

... 

+ 

... 

+ 

400 

800 

800 

100 

400 

Fos 

- 

200 

- 

... 

400 

... 

+ 

800 

800 

3200 

800 

400 

Wal 

... 

+ 

(+) 

... 

400 

800 

200 

1600 

1600 

6400 

800 

100 

Wet 

... 

+ 

(  +  ) 

... 

400 

100 

1600 

800 

6400 

400 

200 

Ber 

... 

+ 

(+) 

+ 

400 

... 

100 

1600 

1600 

1600 

800 

200 

Lag 

... 

(+) 

+ 

100 

+ 

+ 

400 

400 

1600 

400 

200 

Lin 

... 

(  +  ) 

(  +  ) 

+ 

200 

200 

400 

1600 

400 

800 

200 

100 

Type  IV- 

Hic 

- 

(+) 

100 

- 

(  +  ) 

- 

- 

100 

(  +  ) 

400 

100 

400 

My 

- 

100 

100 

200 

800 

200 

400 

200 

800 

800 

800 

1600 

Bow 

- 

+ 

200 

200 

800 

400 

400 

200 

800 

400 

800 

1600 

Gar 

- 

200 

100 

- 

+ 

- 

- 

- 

400 

200 

+ 

400 

P5 

- 

(  +  ) 

(  +  ) 

... 

400 

400 

100 

800 

200 

400 

1600 

Denotes 


+    =  well-marked  clumping  at  1-100  but  fluid  still  cloudy. 
(  +  )  =:a  slighter  degree  of  agglutination. 
-    =no  agglutination,  or  only  a  trace. 
...   =not  tested. 

that  agglutination  was  not  quite  complete  at  that  dilution  and  the  lower  dilutions. 
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Table  T  (h).     A'ifihitwdtion  ir.sts  on  I  *j  Serias  I  strains  with  sera  prepared 

jroin  Tf/pr  II  <ni(l  T'fpr  IV  strains. 


Designation 
of  strains 

Type.  I~ 

^'rypr  1 

"Wat" 
titn. 
1    MOO 

1     SCI.I 

"(ilid" 

titre 
1-800 

"IT  in" 

titre 

1    looo 

"Bow" 

tiln- 
1    lOOO 

Type  IV  Hera 

"Gar" 
titre 
1    MOO 

"My" 
titrc- 

I    MOO 

"My" 
titre 
1    SOO 

Litt 

100 

100 

+ 

200 

200 

400 

200 

Con 

- 

+ 

+ 

100 

100 

400 

- 

Win 

- 

- 

- 

+ 

100 

200 

- 

Kn 

- 

(+) 

(  +  ) 

+ 

100 

200 

- 

Slier 

- 

+ 

+ 

100 

200 

400 

+ 

Lis 

- 

+ 

+ 

100 

100 

2(KJ 

- 

Mit 

- 

+ 

+ 

100 

200 

400 

(+) 

J  or 

- 

- 

- 

+ 

+ 

(+) 

- 

Type  III— 

Bunt 

- 

- 

+ 

100 

+ 

800 

100 

Mac 

- 

(+) 

.(  +  ) 

100 

(+) 

80(J 

+ 

Type  II— 

McP 

100 

200 

100 

400 

100 

800 

100 

Wat 

800 

400 

•100 

100 

100 

400 

- 

Mi 

800 

800 

200 

400 

200 

800 

400 

Wy 

800 

800 

100 

400 

+ 

800 

200 

Glid 

800 

800 

400 

400 

200 

800 

100 

Type  IV— 

Hie 

200 

+ 

1600 

800 

400 

400 

800 

Bow 

400 

400 

1600 

1600 

400 

1600 

800 

Gar 

- 

- 

800 

800 

800 

400 

800 

My 

400 

200 

1600 

800 

400 

800 

800 

Type  I  sera.    Monovalent  agglutinating  sera  were  prepared  from  three 
of  the  17  Type  I  strains,  namely:  "Cou,"  "All"  and  "Litt." 

Agglutination  tests.  "Cou"  serum  (titre  1-800),  the  first  prepared,  was 
tested  against  the  limited  number  of  cocci  then  available  and  was  found 
to  agglutinate  Type  I  strains  only.  The  second  serum  was  a  high  titre  serum 
(1-1600)  and  agglutinated  all  Type  I  cocci  (with  one  exception)  in  dilutions 
up  to  and  beyond  the  titre  of  the  serum  for  the  homologous  coccus.  .Most  of 
the  Type  III  and  a  few  of  the  Type  II  and  Type  IV  strains  were  also  agglu- 
tinated, but  only  in  dilutions  of  1-100  and  1-200.  The  third  serum  agglutinated 
all  Type  I  cocci  (with  one  exception)  up  to  the  full  titre  of  the  serum  for  the 
homologous  coccus,  but  this  serum  had  a  wider  range  of  action  on  cocci  of 
other  types,  particularly  Type  III,  than  the  first  two  sera. 

Absorption  tests.  Each  of  the  sera  was  absorbed  by  some  or  all  of  the 
Type  I  strains  and  re])resentative  strains  of  other  types.  The  homologous 
agglutinin  was  readily  absorbed  from  each  of  two  sera  ("Cou"  and  "AH"*) 
by  all  the  Type  I  cocci  and  was  not  diminished,  or  only  to  a  trifling  extent, 
by  cocci  of  the  other  types. 

On  the  other  hand  the  homologous  agglutinin  of  the  third  serum  was  not 
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readily  absorbed  by  Type  I  cocci.  While  the  coccus  producing  the  serum 
removed  the  whole  of  the  agi^lutinin,  other  Typ^  A  strains  were  able  to  reiriove 
it  only  partially,  i.e.,  reduced  the  agglutinative  power  of  the  serum  for  the 
homologous  coccus  from  I  800  to  at  most  1-200,  and  after  a  second  application 
of  the  cocci  there  was  very  little  further  reduction.  Type  III  strains  removed 
homologous  agglutinin  from  this  serum  slightly,  while  a  strain  from  each  of 
the  other  types  (II  and  IV)  did  not  remove  any;  after  a  second  absorption 
how^ever  there  was  slight  reduction  with  a  Type  IV  strain. 

Summary.  With  two  of  the  three  Type  I  sera  the  results  were  clear  and 
definite.  All  the  17  Type  I  strains  were  agglutinated  in  higher  dilutions  of 
the  sera  than  strains  of  other  types,  and  all  absorbed  the  specific  agglutinin, 
which  was  not  absorbed  by  other  type  strains. 

The  results  with  the  third  serum  ("Litt")  were  less  well  defined  and 
showed  that  the  coccus  producing  the  serum  was  not  antigenically  identical 
with  the  other  two  strains  used  to  prepare  sera. 

Type  II  sera.  Altogether  six  monovalent  sera  were  prepared  from  Type  II 
cocci. 

Agglutination  tests.  The  first  two  sera,  made  in  the  early  part  of  the  work 
with  "Wat"  and  "Glid"  strains,  were  tested  against  rather  less  than  half 
the  strains.  The  results  with  these  sera  are  given  in  Table  I  (6).  The  two  sera 
agglutinated  the  Type  II  strains  at  1-400  and  1-800,  except  "McP"  which 
was  completely  agglutinated  only  in  1-100  and  1-200  dilutions  of  the  sera. 
Three  Type  IV  cocci  were  agglutinated  at  1-200  and  1-400,  and  one  Type  I 
coccus  was  agglutinated  by  both  sera  at  1-100.  These  sera,  therefore,  did  not 
differentiate  Type  IV  strains  from  Type  II  strains. 

Subsequently  monovalent  sera  were  prepared  from  three  more  of  Gordon's 
Type  II  strains  and  from  one  Type  II  strain  ^  isolated  in  the  early  part  of 
1919  by  Captain  E.  H.  Shaw. 

With  these  four  sera  there  was  a  considerable  amount  of  cross-agglutina- 
tion, and  no  Hne  of  demarcation  appeared  between  Type  II  and  the  other  three 
types.  Three  of  the  sera  each  had  a  high  titre  for  the  homologous  coccus,  while 
the  fourth  failed  to  agglutinate  the  homologous  coccus  completely  in  dilutions 
higher  than  1-100,  though  agglutinating  other  Type  II  strains  well. 

The  Type  II  cocci  exhibited  a  wide  range  of  variation  in  the  extent  to 
which  they  were  agglutinated  by  these  four  sera,  and  many  strains  of  the 
other  types  were  agglutinated  in  as  high  dilutions  of  the  sera  as  Type  II 
strains. 

The  most  satisfactory  serum  for  the  grouping  of  the  cocci  by  simple 
agglutination  tests  was  that  prepared  from  the  "D"  strain.  On  reference 
to  Table  I  {a)  it  w^ill  be  seen  that  this  serum  differentiated  all  excepting  three 

1  This  strain  ("  D")  was  subsequently  identified  at  the  Central  Cerebro-spinal  Fever  Laboratory 
as  a  typical  Type  II  strain;  the  results  with  the  serum  prepared  from  it  are  therefore  included  in 
Table  I  (a). 
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ol  the  I'ypf  II  cocci  lioin  other  tyjx's  by  ji<4^'liitinatiii<4  IIkmii  at  the  lull  or 
hall  title  ol  the  scrum. 

Absorption  Icsls.  AI)Hor])tion  tests  \v(;re  cariicd  out  with  fiv(;  of  the  rabbit 
sera.  Three  of  the  sera  ("Wat,"  "(jilid'  and  "Oil")  were  each  absorbed 
with  A  small  iiumbei  of  Type  II  strains,  and  only  the  coccus  used  to  produce 
the  serum  was  able  to  remove  the  homologous  agglutinin  completely.  One 
strain  ("Mel?")  removed  the  homologous  agglutinin  from  one  serum  ("Ofl") 
partially  but  failed  to  remove  any  from  the  other  two  sera.  Other  Type  II 
cocci  reduced  the  titre  of  each  serum  for  the  homologous  coccus  ordy  slightly 
(to  half  titre  at  most).  After  a  second  addition  of  the  cocci  to  two  of  the  sera 
("Wat*  and  "Glid")  there  was  little  or  no  further  reduction  with  one  serum 
("Wat"),  but  with  the  other  ("Glid")  there  was  partial  absorption  in  some 
cases.  Strains  of  other  types  failed  to  absorb  inore  than  a  trace  of  the  homo- 
logous agglutinin. 

With  sera  "Fos"  and  "D"  a  larger  number  of  absorption  tests  were  done. 
From  one  or  other  or  both  of  these  sera  all  the  Type  II  cocci,  with  the  excep- 
tion of  "McP"  which  absorbed  only  a  trace  from  one  serum,  absorbed  some 
of  the  agglutinin  for  the  strain  producing  the  serum,  whereas  representative 
strains  from  the  other  types  did  not  remove  any  of  it. 

Even  with  these  two  sera  all  Type  II  strains  did  not  exhibit  an  equal 
capacity  for  combining  with  the  homologous  agglutinin.  While  some  strains 
absorbed  as  much  as  the  coccus  producing  the  serum,  others  were  able  to 
remove  only  half  or  quarter  that  amount;  for  example,  the  titre  of  the 
serum  "D"  was  reduced  from  1-1600  to  1-100  by  the  "D"  coccus  and  some 
other  strains,  whereas  other  Type  II  strains  reduced  it  only  to  1-200  or  1-400. 

Absorption  tests  were  also  carried  out  with  a  Type  II  goat  serum.  From  this  serum  all 
but  one  {i.e.  "McP")  of  the  Type  II  strains  tested  absorbed  the  homologous  agglutinin 
completely,  strains  from  other  types  not  removing  any. 

The  strain  "McP"  mentioned  above  as  having  feeble  capacity  for  absorbing  Type  II 
agglutinin  from  rabbit  sera  was  also  found  to  absorb  only  small  amounts  of  agglutinin  from 
this  goat  serum.  Moreover,  when  a  serum  (goat)  was  prepared  fmm  this  strain,  it  was 
found  that  Type  II  strains  did  not  absorb  its  agglutinin.  This  strain,  therefore,  which 
perhaps  at  One  time  absorbed  Type  II  agglutinin  well,  since  it  was  one  of  the  32  cocci 
first  investigated  by  Gordon,  had  acquired  during  artificial  cultivation  a  high  degree  of 
individuality. 

Summary.  Agglutination  tests  with  monovalent  sera  prepared  from  six 
Type  II  strains  did  not  clearly  differentiate  Type  II  from  the  other  types. 
Not  only  was  there  pronounced  cross-agglutination  with  these  sera  but  also 
wide  variation  in  the  extent  to  which  Type  U  strains  were  agglutinated  by 
them. 

Absorption  tests  on  the  other  hand  with  two  rabbit  sera  showed  that 
Type  II  strains  formed  a  distinct  group,  the  members  of  which,  however, 
differed  among  themselves  in  absorptive  capacity.  With  a  goat  serum 
difTerentiation    by   absorption   was  clearer  than  with   the   two  rabbit  sera. 
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Type  III.  Agglutinating  sera  were  prepared  from  three  of  the  five 
Type  Hi  strains,  namely  "Mac,"  "Bunt"  and  "Mer":  "Bunt"  was  Gordon's 
type  strain^  of  the  Type  III  sub-group;  "Mac"  was  the  strain  which  had 
been  wrongly  classified  in  the  Type  1  sub-group. 

Simple  agglutination  tests.  "Bunt"  serum  agglutinated  all  the  Type  III 
strains  tested  in  high  dilutions  of  the  serum;  it  also  agglutinated  the  majority 
of  the  Type  I  strains  and  a  few  Type  II  and  Type  IV  strains,  but  not  so  strongly 
as  the  Type  III  strains. 

"Mac"  serum  agglutinated  all  the  Type  III  strains  at  the  full  or  half 
titre  of  the  serum;  it  also  agglutinated  all  Type  I  strains  and  several  Type  II 
and  IV  strains,  but  except  in  two  instances  at  less  than  half  the  titre  of  the 
serum.   The  third  serum  ("Mer")  gave  very  similar  results. 

Absorption  tests.  Each  of  the  three  sera  was  absorbed  with  all  the  Type  III 
strains  and  the  majority  of  the  other  strains.  All  the  five  Type  III  strains 
absorbed  completely  or  nearly  completely  the  homologous  agglutinin  from 
"Bunt"  serum,  while  strains  of  other  types  absorbed  little  or  none. 

The  same  five  strains  which  had  exhausted  "Bunt"  serum  also  removed 
the  homologous  agglutinin  completely  or  nearly  completely  from  the  other 
Type  III  sera,  but  a  good  many  strains  of  the  other  types  were  found  capable 
of  removing  agglutinin  from  these  two  sera. 

From  "Mac"  serum  four  Type  II,  one  Type  I  and  two  Type  IV  strains 
effected  a  partial  removal  of  the  agglutinin.  The  experiment  with  two  of  the 
Type  II  strains  ("Mi"  and  "Wy")  was  repeated  several  times  and  on  each 
occasion  there  was  the  same  partial  removal. 

From  "Mer"  serum  the  two  Type  II  strains  ("Mi"  and  "Wy")  and  one 
Type  IV  strain  ("My")  also  removed  the  homologous  agglutinin  partially, 
while  two  Type  I  strains  and  one  Type  II  strain  absorbed  it  shghtly. 

Summary.  With  one  Type  III  serum  there  was  clear  differentiation  of 
Type  III  strains  from  other  types  both  by  agglutination  and  absorption  tests. 

With  the  other  two  sera  there  was  not  the  same  clear- differentiation  by 
agglutination  and,  although  the  Type  III  strains  absorbed  the  homologous 
agglutinin  from  these  sera  as  completely  as  from  the  first  serum,  strains  of 
other  types,  particularly  Type  II,  were  found  capable  of  removing  appreciable 
amounts  of  their  agglutinins.  Thus  agglutination  and  absorption  tests  with 
these  sera  showed  that  serological  relationship  exists  between  Type  III  and 
the  other  types. 

Tjrpe  IV.  Four  of  the  five  Type  IV  strains  were  used  to  prepare  agglu- 
tinating sera.  The  results  of  the  agglutination  tests  are  given  in  Table  I  (6). 
The  results  with  the  two  Type  II  sera  included  in  this  Table  have  already 
been  referred  to. 

^  This  strain  when  it  had  been  three  years  in  artificial  cultivation  was  used  again  to  produce 
a  serum;  this  serum  acted  upon  the  great  majority  of  the  cocci  tested,  irrespective  of  type  (see 
Table  I  (a)). 
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A(/g1u(in(i(i(>)i  (rsfs.  EjicIi  oI  llic  foiii"  strains  produced  a  serum  which 
a^^hitinatcd  the  'I'ypc  IV  strains  to  a  iiif^dicr  decree  than  strains  of  any  of  the 
other  types.  Tln're  was  some  variation  in  the  aj^^duti native  power  of  the 
diilerent  sera  on  strains  of  Types  I,  1 1  and  III,  two  of  tlie  sera  selecting  mainly 
Type  II  strains,  the  other  two  a<r<;lutinating  Type  I  and  Type  II  strains 
indifferently.  It  will  he  noted  also  in  Table  I  (h)  that  a  particular  strain  was 
not  agglutinated  with  e(|ual  readiness  by  the  different  sera. 

The  serum  from  one  ral)bit  ("My")  was  tested  at  intervals  during  the  course  of  immunisa- 
tion. In  Table  I  (h)  the  results  with  the  first  and  last  samples  only,  taken  seven  days  after 
the  third  (30  ni^rni.)  and  eighth  (80  mgrm.)  doses  respect ivcily,  are  given.  The  results 
with  the  dilierent  samples  varied.  The  first  sample  had  a  wide  range  of  action  and  agglu- 
tinated the  majority  of  the  strains  of  other  types  as  well  as,  or  even  better  than,  the  Type  IV 
cocci.  In  subsequent  samples  the  agglutinin  for  these  other  types  diminished,  and  the  final 
sample  acted  upon  only  a  small  number  of  strains,  the  titre  of  the  serum  for  these  being 
much  lower  than  it  had  be(;n  previously. 

One  Type  IV  strain  ("Hie")  was  used  a  second  time  to  produce  an  agglutinating  serum 
after  it  had  been  about  four  years  in  cultivation.  The  serum  which  was  withdrawn  three 
weeks  after  immunisation  began  had  a  wider  range  of  action  than  the  first  serum  produced 
with  this  coccus,  the  results,  given  in  Table  I  (a),  resembling  closely  those  obtained  with  the 
first  sample  from  the  "My"  rabbit. 

AhsoTftion  tests.  Each  of  the  four  sera  was  absorbed  with  the  four  Type  IV 
strains  as  well  as  w^ith  representative  strains  of  other  types. 

From  "Hie"  serum  all  the  Type  IV  strains  absorbed  the  homologous 
agglutinin  completely  or  nearly  completely. 

Three  of  the  four  strains  absorbed  completely  or  nearly  completely  the 
agglutinins  from  tw^o  of  the  other  sera,  while  the  fourth  ("Gar")  removed 
it  partially  in  both  instances. 

From  the  serum  produced  by  this  partial  absorber  ("Gar")  none  of  the 
other  Type  IV  strains  was  able  to  remove  more  than  a  slight  amount  of 
homologous  agglutinin,  and  there  was  no  further  reduction  even  when  a  whole 
agar  culture  was  used.  Thirty-four  other  strains  (Types  I,  II  and  III)  were 
tested  against  this  "Gar"  serum  with  the  result  that  some  were  found  to 
remove  slight  amounts  of  the  agglutinin  while  others  failed  to  remove  any 
or  more  than  a  trace.  Similar  results  were  obtained  with  thirty  strains  of 
Types  I,  II  and  III  in  absorption  tests  with  the  other  Type  IV  sera. 

The  fifth  Type  IV  strain  (P  5)  was  tested  with  one  serum  only,  i.e.,  the 
second  produced  from  "Hie,"  and  was  agglutinated  by  it  in  high  dilution 
(see  Table  la).  This  coccus  also  absorbed  the  homologous  agglutinin  of 
"Hie"  serum. 

Summary.  The  above  agglutination  and  absorption  tests  show  that  the 
Type  IV  strains  form  a  group  distinct  from  the  other  three  types.  All  the 
strains  absorbed  the  homologous  agglutinin  from  a  serum  produced  by  one 
of  them,  and  this  agglutinin  was  not  absorbed  by  strains  of  the  other  types. 
The  members  composing  the  group  are,  however,  not  completely  identical, 
differing  among  themselves  in  agglutinogenic  capacities. 


4!i  Menhujococcl  and  anti-aeru/n 

SUMMARY  OF  RESULTS  WITH  THE  FIRST  SERIES  OF  MENINGOCOCCI. 

The  serological  reactions  of  forty-four  strains  of  cerebro-spinal  meningo- 
cocci have  been  studied.  These  strains  had  been  classified  into  four  types  at 
the  Central  Cerebro-spinal  Fever  Laboratory.  The  object  of  the  investigation 
was  to  ascertain  whether  or  not  the  classification  would  hold  good  if  mono- 
valent sera  prepared  in  a  different  laboratory  from  members  of  each  type 
were  used. 

Simple  ayyliitination  tests.  Three  Type  I  sera  were  prepared  and  two  of 
these  clearl}'  differentiated  the  Type  I  strains  from  strains  of  other  types. 
The  third  Type  I  serum  agglutinated  all  the  Type  I  cocci  to  full  or  half  titre 
but  this  serum  had  more  influence  on  strains  of  other  types  than  the  first 
two  sera;  e.g.,  one  Type  III  strain  was  agglutinated  at  half  titre. 

The  sera  prepared  from  Types  II,  III  and  IV  were  less  specific  and  there 
was  considerable  cross-agglutination.  One  at  least,  however,  out  of  each  set 
differentiated  fairly  well;  that  is  to  say,  the  strains  (or  the  majority  of 
them  in  the  case  of  Type  II)  of  the  same  type  as  the  homologous  coccus 
were  agglutinated  in  higher  dilutions  of  the  serum  than  strains  of  other 
types. 

Type  II  strains  showed  less  uniformity  in  agglutination  with  Type  II 
sera  than  did  Types  III  and  IV  strains  in  the  presence  of  their  respective  type 
sera,  several  Type  II  strains  agglutinating  less  well  with  the  Type  II  sera  than 
some  strains  of  the  other  types. 

Absofption  tests.  All  the  seventeen  Type  I  strains  absorbed  the  specific 
agglutinin  completely  from  two  Type  I  sera;  strains  of  other  types  removed 
little  or  none  of  the  agglutinin.  From  the  third  Type  I  serum  Type  I  strains 
were  able  to  remove  the  homologous  agglutinin  only  partially  and  there  was 
in  addition  slight  absorption  with  Type  III  strains. 

The  five  Type  III  strains  absorbed  the  homologous  agglutinin  completely 
from  three  Type  III  sera.  From  one  of  these  sera  strains  of  other  types 
absorbed  little  or  none  of  the  agglutinin,  but  with  the  two  others  there  was 
definite  cross-absorption,  particularly  with  Type  II  strains. 

All  the  Type  II  strains  with  one  exception  absorbed  homologous  agglutinin 
from  two  Type  II  rabbit  sera.  The  amount  absorbed  however  varied  widely 
with  the  different  strains,  some  absorbing  as  much  as  the  coccus  producing 
the  serum,  others  only  half  or  quarter  that  amount.  From  other  Type  II 
sera  the  coccus  producing  the  serum  was  the  only  one  found  capable  of 
removing  the  homologous  agglutinin  completely.  Strains  of  Types  I,  III  and 
IV  did  not  absorb,  except  occasionally  and  in  very  small  amount,  homologous 
agglutinin  from  any  of  the  Type  II  sera. 

All  the  Type  IV  strains  removed  the  homologous  agglutinin  completely 
or  nearly  completely  from  one  Type  IV  serum  while  representative  strains 
of  i^ther  types  failed  to  absorb  any.  One  of  the  Type  IV  strains  absorbed  the 
homologous  agglutinin  only  partially  from  tw^o  other  Type  IV  sera  and  this 
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coccus  ])r()(]iirc(l  ;i  scnnu  from  which  otlicr  Tv])f'  TV  strains  were  uhh^  to 
jihsorh  oiiK'  sli^'hl  iiiiiouiils  of  the  h()iii()l();^n)iis  a;^f<^'hit,iiiiii. 

With  certain  sera.  fh<M<'f()rc,  ])rc|)arc(l  from  incinhcTS  of  (^ach  of  the  four 
types,  a  (lixisioii  of  the  inciiiiij/ococci  into  four  distinct  ^noups  was  effected 
by  means  of  the  al)soi|>t  ion  of  ai^'^^dut  inin  test,.  These  ^Tonps  correH})ond 
exiictly  to  (Joi'don's  foui'  t\|)es. 

With  other  sera  from  each  tv])e  the  difT<',nMitiation  into  similar  j^roups 
could  not  be  made  or  was  not  so  well  defined,  thus  demonstrating  that  all 
the  strains  included  in  each  type  are  not  absolutely  id(;ntical. 

The  followin*^  conclusions  are  to  be  drawn  froin  my  tests  upon  this  series 
of  meningococci: 

1.  Gordon's  classification  of  the  strains  holds  good  if  care  is  taken  in  the 
selection  of  strains  for  the  production  of  type  sera. 

2.  All  the  strains  included  in  each  type  are  not  identical  in  their  sero- 
logical characters. 

3.  There  is  inter-relationship  between  the  types,  as  shown  by  the  results 
of  cross-agglutination  and  absorption  experiments. 

SECTION  2. 

Local  Government  Board  strains. 

This  series  contains  thirty-one  strains  the  serological  characters  of  which 
have  been  reported  on  by  F.  Griffith  in  this  Journal  (1918). 

Before  proceeding  to  discuss  my  results  with  these  strains  it  will  be  useful  to  summarise 
briefly  the  view  expressed  in  the  above  report  on  the  grouping  of  meningococci.  F.  (iriftith 
has  shown  that  the  majoritj'^  of  spinal  meningococci  can  be  divided  into  two  main  groups 
by  simple  agglutination  tests  if  selected  sera  are  used,  a  few  being  relatively  inagglutinable 
or  agglutinated  equally  by  sera  of  both  groups.  By  the  application  of  absorption  tests  it  was 
found  that  the  strains  in  each  of  the  two  main  groups  differed  among  themselves  in  absorptive 
capacity  and  could  be  divided  into  sub-groups.  This  division  depends  upon  variations  in 
the  structure  of  their  antigens.  In  Group  I  three  different  antigenic  components  were  de- 
monstrated which  were  designated  "A,"  "B,"  and  "C,"  "A"  being  the  most  complex,  "C" 
the  least.   Group  II  was  much  more  diverse  and  at  least  four  different  antigens  were  defined. 

As  mentioned  on  page  34  the  strains  in  this  series  were  to  some  extent 
selected.  For  example,  having  ascertained  that  strains  with  "C"  antigen  had 
no  identical  representatives  among  Gordon's  types,  I  obtained  the  majority 
of  the  members  of  this  sub-group  of  Group  I.  Many  of  the  Group  II  strains 
were  chosen  on  account  of  their  poor  absorptive  capacity,  A  few  strains 
could  not  be  allotted  definitely  to  either  of  the  two  groups. 

The  purpose  of  my  investigation  was  to  ascertain  whether  these  spinal 
meningococci  could  be  classified  by  means  of  sera  ])repared  from  Gordon's 
four  types. 

The  great  majority  of  the  thirty-one  strains  were  tested  against  eight 
sera,  two  from  each  of  the  four  types;  ten  strains  which  were  received  late  in 
the  investigation  were  tested  against  five  sera  only.    In  Table  II  the  results 
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Tcxble  II.  Agglutination  and  absorption  tests  upon  the  Local  Government  Board 
strains  of  cerebrospinal  weningococci  with  sera  prepared  from  Gordon's 
four  types. 


Ty 

pe  I  sera 

Type  III  sera 

Type  II  sera 

Type  IV  sera 

Designation 
of  strains 

Aggl. 

with 

"Litt" 

serum 

1  800 

Aggl. 

with 
"Cou" 
serum 
1-800 

Absorp. 

of 
"C'ou" 
serum 

Aggl. 

with 

"Bunt' 

serum 

1-3200 

Absorp. 

of 

"Bunt" 

serum 

Aggl. 

with 
"Mac" 
serum 
1-1600 

^ 

Absorp. 

of 

"Mac" 

serum 

A^gl. 
with 
"Wat" 
serum 
1-800 

Aggl. 
with 
"(Jlid" 
serum 
1-800 

Absorp. 

of 
"Glid" 
serum 
(Goat) 

Aggl. 

with 

"Hie" 

serum 

1-1600 

Aggl. 

with 
"Gar" 
serum 

1-800 

Absorp. 

of 
•Hie" 
serum 

Absorp 
of 

M  15 
serum 

M4 

800 

800 

N.C. 

200 

... 

200  to 
800 

... 

- 

- 

... 

- 

100 

... 

... 

Mil 

200 

+ 

NU 

200 

Nil 

200 

Nil 

- 

- 

NU 

+ 

200 

c' 

M12 

400 

100 

Nil 

1600 

N.C. 

1600 

C. 

- 

- 

100 

+ 

M  14 

400 

+ 

Nil 

400 

Nil 

100  to 
800 

Nil 

+ 

— 

Nil 

+ 

200 

... 

c. 

M15 

400 

100 

Nil 

200 

S. 

200 

S. 

- 

- 

Nil 

- 

200 

NU 

c. 

M16 

400 

- 

Nil 

100 

Nil 

100 

Nil 

+ 

+ 

100 

200 

Nil 

... 

M17 

400 

+ 

NU 

1600 

C. 

1600 

C. 

- 

- 

... 

- 

- 

Nil 

N.C. 

M36 

400 

- 

Nil 

200 

Nil 

200 

Nil 

— 

- 

Nil 

+ 

200 

NU 

c. 

M40 

400 

+ 

P. 

(twice) 

400 

F. 

400 

S.  &  P. 

- 

- 

... 

- 

- 

... 

s. 

M41 

400 

4- 

Nil 

200 

Nil 

200 

. . . 

- 

- 

- 

200 

Nil 

c. 

M43 

400 

200 

Nil 

1600 

C. 

1600 

C. 

— 

- 

... 

+ 

- 

c. 

M46 

200 

- 

Nil 

- 

NU 

- 

Nil 

- 

- 

... 

- 

- 

NU 

... 

M48 

800 

400 

C. 

200 

Nil 

200 

NU 

- 

- 

... 

- 

100 

... 

... 

M67 

400 

C. 

400 

C. 

400 

S. 

— 

•  *  • 

NU* 

- 

. . . 

S.&P. 

M6S 

... 

400 

N.C. 

400 

NU 

200 

NU 

- 

•  •  • 

... 

- 

... 

... 

... 

M72 

800 

400 

N.C. 

200 

v.s. 

200 

Nil 

— 

•  •  • 

... 

- 

... 

... 

•  •• 

M73 

800 

400 

- 

200 

800 

•  •  • 

N.C. 

— 

... 

... 

.  .• 

M77 

100 

+ 

Nil 

400 

NU 

100 

... 

100 

NU 

— 

NU 

v.s. 

M80 

_ 

Nil 

400 

(twice) 
NU 

200 



NU* 



V.S. 

p. 

M18 

+ 

... 

... 

- 

... 

400 

200 

C. 

... 

... 

... 

... 

M19 

100 

- 

... 

400 

800 

P. 

1600 

800 

C. 

100 

+ 

NU 

... 

M20 

100 

- 

200 

... 

800 

S. 

800 

1600 

c. 

100 

■    - 

NU 

... 

M24 

(+) 

- 

- 

- 

400 

200 

c. 

- 

- 

Nil 

... 

M31 

+ 

- 

... 

- 

. . . 

- 

Nil 

100 

200 

NU 

100 

+ 

Nil 

NU 

M32 

- 

- 

... 

- 

... 

- 

- 

+ 

NU 

- 

- 

NU 

NU 

M33 

+ 

- 

... 

+ 

... 

200 

... 

200 

+ 

... 

800 

400 

N.C. 

... 

M35 

(+) 

- 

... 

- 

... 

- 

Nil 

400 

200 

c. 

- 

- 

NU 

... 

M82 

- 

- 

. . . 

400 

N.C. 

- 

... 

... 

... 

M83 

... 

- 

Nil 

- 

NU 

... 

800 

... 

s. 

+ 

... 

NU 

Nil 

M86 

- 

Nil 

- 

Nil 

... 

+ 

NU 

- 

... 

NU 

Nil 

M89 

... 

— 

Nil 

— 

NU 

... 

— 

... 

NU 

200 

... 

N.C. 

•.. 

C.  =  absorption  as  complete  as  with  the  homologous  coccus, 
p.  =  partial.         S.  or  V.S.  =sUght,  or  very  slight. 

*  "Wat"  rabbit  serum. 


N.C.  =  nearly  complete. 
Nil  =  no  absorption. 


of  these  tests  are  given.  The  designation  of  the  strains  is  the  same  as  in 
F.  Griffith's  report,  M  4  down  to  M  80  belonging  to  his  Group  I,  the  remainder 
to  his  Group  II. 

Agglutination  tests.  One  Type  I  serum  ("Litt"),  which  had  been  shown 
in  the  tests  on  Series  I  to  have  a  wider  range  of  action  than  the  other  Type  I 
sera,  aggkitinated  all  the  Group  I  strains  tested;  this  serum  had  little  or  no 
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action  on  (iron])  II  .strains.  Tho  second  Typo  I  scrum  had  a  more  limited  range 
of  action,  iig«^du(iiialin^  only  nine  of  the  nineteen  (jlrouj)  i  strains  and  leaving 
Group  11  entirely  unaiTect(ui. 

The  two  Ty])(^  1 II  sera  agglutinated  all  th<',  (irouj)  1  Htrains  (with  one  excep- 
tion), three  at  the  full  titre  of  each  serum.  Three  strains  fronn  Grouj)  11  were 
also  agglutinated  by  these  sera,  one  serum  ;i;:glutinating  two  strains  in  quite 
high  dilution. 

The  two  Type  11  sera  agglutinated  nine  of  the  twelve  Group  II  strains 
and  two  of  the  Grouj)  T  strains,  one  of  the  two  latter  at  the  full  titre  of  the 
serum.   Other  Group  1  strains  were  not  acted  upon. 

Of  the  two  Type  IV  sera  one  agglutinated  five  strains  in  Grouj)  11,  one, 
M  33,  at  half  titre  of  the  serum,  and  two  in  Group  I.  The  other  agglutinated 
only  one  strain  {i.e.  M  33)  in  Group  II  and  eight  in  Group  I.  It  should  be 
noted  that  M  33  was  agglutinated  well  by  both  sera. 

There  is  therefore  a  rough  grouping  by  simple  agglutination  tests.  Types  I 
and  III  sera  acting  mainly  on  Group  I  strains.  Type  II  sera  mainly  on  Group  II 
strains.  There  is  evidence  also  of  sub-grouping,  the  Type  III  and  Type  IV 
sera  respectively  picking  out  certain  strains  and  agglutinating  them  in  higher 
dilutions  of  the  serum  than  other  strains. 

Absorption  tests.  One  Type  I  serum  ("Cou")  was  absorbed  with  all  the 
Group  I  strains  (except  M  73)  and  three  Group  II  strains. 

Five  Group  I  strains  removed  the  homologous  agglutinin  completely  or 
nearly  completely,  one  removed  it  partially,  while  none  of  the  others  was 
able  to  absorb  any  of  it. 

The  other  Type  I  strain  ("Litt")  was  absorbed  with  a  few  strains.  M  48 
absorbed  the  agglutinin  partially,  while  Mil,  M  16  and  M  46  removed  it 
very  slightly;  after  a  second  addition  of  these  cocci  there  was  Uttle  or  no 
further  reduction. 

The  two  Type  III  sera  were  absorbed  with  the  majority  of  the  Group  I 
strains  and  a  few  Group  II  strains.  Three  strains  from  Group  I,  i.e.  the  three 
which  had  been  strongly  agglutinated  by  the  sera,  absorbed  completely  the 
specific  Type  III  agglutinin  from  both  sera;  one  Group  I  strain  (M  40), 
which  had  removed  Type  I  agglutinin  partially,  removed  the  homologous 
agglutinin  partially  from  both  Type  III  sera;  a  fifth  strain  (M  67),  which  had 
also  absorbed  Type  I  agglutinin,  removed  the  homologous  agglutinin  com- 
pletely from  one  Type  III  serum  and  shghtly  from  the  other.  Of  the  Group  II 
strains,  one  absorbed  the  agglutinin  from  one  serum  (''Mac")  partially,  and 
another  Group  II  strain  absorbed  the  same  agglutinin  shghtly.  A  parallel 
result  was  obtained  in  the  first  series,  several  Type  II  strains  absorbing  the 
homologous  agglutinin  partially  from  this  serum. 

The  Type  II  serum  used  systematically  for  absorption  tests  in  this  series 
was  from  a  goat;  this  was  the  only  Type  II  serum  then  available  from  which 
Type  II  strains  were  able  to  absorb  homologous  agglutinin  completely.  From 
this  serum  five  Group  II  strains  removed  the  homologous  agglutinin  com- 
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pletely  and  one  (M  83)  removed  it  partially.  Of  eight  Group  1  strains  used  to 
absorb  this  goat  serum,  one,  M  73  (see  below),  removed  the  homologous 
agglutinin  nearly  completely,  while  the  others  tailed  to  remove  any. 

A  few  absorption  tests  were  also  done  with  the  Type  II  rabbit  sera  used 
for  agglutination  tests.  "Wat"  serum  was  absorbed  with  three  Group  II 
strains,  namely  M  18,  M  20  and  M  24;  these  removed  a  small  amount  only 
of  homologous  agglutinin,  and  there  was  little  further  reduction  on  a 
second  application  of  the  cocci.  "Glid"  serum  was  absorbed  with  five 
Group  II  strains;  M  19  and  M  20  removed  the  agglutinin  partially,  whereas 
with  M  18,  M  24  and  M  35  the  absorption  was  very  slight,  even  after  a  second 
addition  of  the  cocci.  Very  similar  results  were  obtained  in  the  first  series 
with  these  sera  and  Type  II  cocci. 

One  Type  IV  serum  was  absorbed  with  all  the  Group  II  strains  and  all 
those  in  Group  I  which  had  not  yet  been  identified  with  any  of  Gordon's  types. 
Two  of  the  strains  in  Group  II  (M  33  and  M  89)  removed  the  homologous 
agglutinin  from  the  serum  nearly  as  completely  as  the  coccus  producing  the 
serum;  none  of  the  other  strains  removed  any  of  it  even  after  a  second  absorp- 
tion in  some  cases.  The  result  with  M  33  was  confirmed  with  two  other 
Type  IV  sera  ("Bow"  and  "My"). 

After  the  completion  of  the  above  tests  I  noted  in  F.  Griffith's  report  that 
the  Group  I  strain,  M  73,  which  had  absorbed  nearly  completely  the  agglutinin 
from  the  Type  II  goat  serum,  had  failed  to  absorb  the  homologous  agglutinin 
of  M  18  (a  Group  II  coccus),  but  had  removed  partially  the  agglutinin  of  M  15, 
a  Group  I  strain.  I  therefore  re-tested  this  strain  on  a  Type  I  serum,  two 
Type  II  sera  and  one  Type  III  serum.  The  strain  removed  homologous 
agglutinin  nearly  completely  from  the  Type  I  and  one  Type  II  serum,  and 
partially  from  the  other  Type  II  serum.  From  the  Type  III  serum  there 
was  only  a  trace  of  absorption.  Here  then  is  an  example  of  a  strain  which  is 
capable  of  removing  both  Type  I  and  Type  II  agglutinins. 

The  results  of  the  agglutinin  absorption  test  on  this  series  of  strains  against 
sera  made  from  Gordon's  four  types  of  meningococci  are  summarised  as 
follows. 

Table  III.     Classification  of  thirty -one  spinal  strains  of  meningococci  by  means 
of  the  absorption  test  with  sera  prepared  from  Gordon's  four  types. 


Indeterminate, 

Unplaced 

Type  I 

Type  III 

Type  II 

Type  IV 

absorbing  2  antigens 

, ' — . 

M4 

M12 

M  18 

M33 

M  40  (Types  I  and  III) 

Mil     M  16 

M48 

M17 

M19 

M89 

M67 

M  14     M31 

M68 

M43 

M20 

M  73  (Types  I  and  II) 

M  15     M  32 

M72 

M24 
M35 
M82 
M83 

M  36    M  46 
M  41     M  77 
M  80    M  86 

The  strains  classified  as  Type  I  and  Type  III  are  Group  I  strains  containing  respectively 
F.  Griffith's  "A"  and  "B"  agglutinin.   Types  II  and  IV  correspond  to  sub-groups  of  Group  II. 
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Tiiltlr  III  shows  llial  only  sixteen  of  tiic  thirty-one  HtrairiK  of  cerebro- 
spiiijil  iiu'iiiiiizococci  uric  (•()ni])l('t('ly  identified  with  one  or  other  of  fiordon's 
four  tyjx's;  tlncc  sjiains  wcic  iiidetcrininute,  I  wo  having'  ahsorhed  a^f^lutinin 
from  Typrs  I  and  III  seni  and  one  from  Types  I  and  II  sera,  and  twidve  were 
not  identified  witli  any  tyjx'  hy  the  absorption  test.  P>v  the  a<,'^dutination 
test  of  tlir  latter  twelve  strains,  nine  (all  (Jioup  I  strains)  were  evidently 
related  to  Types  I  or  III,  two  to  Tn'P*'  11,  and  one  was  not  af^^dutinated  hy  any 
of  the  sera  used. 

Tlie  results  of  additional  tests  witli  the  unplaeed  strains  will  nr)w  f>e 
considered. 

Of  the  twelve  strains  wjiich  did  not  absorb  a^'^dutinin  from  any  serum 
made  with  Gordon's  strains  F.  Griflith  had  shown  that  six,  all  from  Group  I, 
were  able  to  remove  homologous  agglutinin  completely  from  a  serum  made 
with  one  of  the  strains  (M  15)  and  therefore  formed  a  sub-group.  This  agglu- 
tinin he  designated  "C"  agglutinin  of  Grou])  I.  A  little  of  this  serum  was 
kindly  suppHed  to  me  and  I  tested  it  against  all  the  unclassified  strains  and 
a  good  many  other  strains  which  had  already  been  typed,  with  the  result  that 
five  of  the  twelve  unplaced  strains  wttc  found  to  remove  the  agglutinin 
completely  from  this  serum  and  one  (M  80)  to  remove  it  partially,  the  other 
six  having  no  effect.  Several  Type  I  and  some  Type  III  strains  (including 
M  17  and  M  43  in  this  series)  absorbed  the  agglutinin  from  M  15  serum,  in 
the  majority  of  cases  completely  or  nearly  completely. 

Except  as  regards  M  80  my  results  with  M  15  serum  are  identical  with 
those  obtained  by  F.  Griffith. 

With  the  other  unplaced  strains  my  results  and  his  are  also  in  close  agree- 
ment. 

The  Group  I  strains  M  16  and  M  46  did  not  remove  agglutinin  from  any  of  the  four  type 
sera;  F.  Griffith  found  that  each  of  these  strains  was  able  to  remove  agglutinin  onh'  from 
its  own  serum. 

With  regard  to  the  unplaced  strains  of  Group  II:  M  31  was  not  agglutinated  very  well 
with  the  two  selected  sera  but  with  other  Type  II  sera  it  was  agglutinated  in  high  dilution. 
The  strain  absorbed  a  trace  of  agglutinin  from  one  Type  II  serum  l)ut  none  from  any  other 
type  serum.  F.  Griffith  records  that  this  strain  absorbed  agglutinin  partially  from  sera  of 
Group  II,  which  appears  to  include  Gordon's  Types  II  and  IV. 

M  32  agglutinated  with  none  of  the  sera  in  the  table  but  agglutinated  at  l-40(>with 
another  Type  II  serum.  This  strain  did  not  absorb  agglutinin  from  any  of  the  tyite  sera. 
F.  Griffith  found  that  it  absorbed  partially  one  of  his  Group  II  sera. 

Tests  with  Local  Government  Board  sera  on  Gordon's  four  ff/pe.s. 

Orientation  tests  were  also  carried  out  with  two  sera  suj)plied  to  me  by 
Dr  F.  Griffith,  one  prepared  from  the  Group  1  strain  M  13.  the  other  from  the 
Group  II  strain  M  18. 

M  43  serum  agglutinated  Type  I  and  Ty])e  III  strains  without  distinction 
to  the  full  or  nearly  to  the  full  titre  of  the  serum :  there  was  no  or  only  feeble 
action  upon  Type  II  and  Type  IV  strains.   The  homologous  agglutinin  of  this 
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serum  was  absorbed  only  by  Type  III  strains.  M  43  strain  from  which  the 
above  serum  was  prepared  was  originally  a  complex  strain  from  which 
F.  Griffith  separated  two  daughter  strains,  one  containing  "  A,"  the  other  "  B  " 
antigen.  The  strain  of  M  43  used  in  these  absorption  tests  evidently  contained 
only  ''B"  antigen. 

M  18  serum  agglutinated  all  Type  11  and  two  Type  IV  strains  in  dilutions 
of  1-400  to  1-1600;  two  other  Type  IV  strains  and  the  Type  1  and  Type  III 
strains  were  but  feebly  acted  upon  or  not  at  all. 

Two  Type  II  strains  ("Wat"  and  "Keay")  and  M  18  itself  absorbed  com- 
pletely the  homologous  agglutinin  of  this  serum  and  two  (a  Type  11  and  a 
Type  IV  strain)  absorbed  it  partially  while  other  Type  II  strains  removed  none 
or  only  traces.  It  is  interesting  to  mention  here  that,  although  the  above 
mentioned  three  strains  showed  equal  capacity  for  removing  the  agglutinins 
from  M  18  serum,  two  of  them  (M  18  and  "Keay  ")  were  unable  to  remove  the 
agglutinin  produced  by  the  third,  i.e.,  "Wat." 

SUMMARY  OF  RESULTS  WITH  THE  SECOND  SERIES  OF  MENINGOCOCCI. 

The  general  results  of  the  investigation  of  this  series  of  meningococci  can 
be  summarised  under  three  heads. 

(1)  Sera  prepared  from  Gordon's  four  types  of  meningococci  do  not 
suffice  for  the  classification  of  all  spinal  meningococci.  Out  of  thirty-one 
cerebro-spinal  strains  only  sixteen  could  be  completely  identified  with  one 
or  other  of  the  four  types;  three  were  indeterminate  and  twelve  were  unplaced. 

(2)  F.  Griffith's  "A"  and  "B"  agglutinins  of  his  Group  I  are  identical 
with  Gordon's  Type  I  and  Type  III  respectively,  and  two  of  F.  Griffith's  four 
Group  II  agglutinins  can  be  identified  with  Types  II  and  IV. 

(3)  The  twelve  unplaced  strains,  not  represented  among  Gordon's  types, 
include  a  small  group  of  strains  related  to  Types  I  and  III  but  not  identical 
wdth  either,  and  a  residuum  of  highly  individual  strains. 

As  regards  (1),  the  explanation  why  so  many  of  the  cerebro-spinal  strains 
in  this  series  could  not  be  classified  by  absorption  tests  with  Gordon's  four 
type  sera  may  be  found  in  the  fact  that  the  source  of  material  was  not  the 
same  in  the  two  series. 

Gordon's  strains  were  all  obtained  from  military  cases  (i.e.  adult  cases) 
of  cerebro-spinal  fever,  whereas  the  Local  Government  Board  series  was 
obtained  from  cases  of  meningitis  occurring  among  the  general  population 
and  included  a  large  proportion  from  children. 
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SECTION  3. 

Unselected  strains. 

Tins  aection  (IcuIh  with  tests  on  cifj^hteen  strains,  the  serr)l()^ir,}il  characters 
of  which  had  not  hccn  (h'tcrniincd  when  they  were  sent  lo  nic  All  the  strains 
were  derived  Irorn  adidt  cases  of  cerehro-H[)iniiI  fev'(;r. 

I  a  in  indebted  to  Mr  11.  W.  ('.  Vines  for  sixteen  of  the  strains  and  to 
Dr  W.  M.  Scott  for  two.  These  strains  W(;r(;  investi^at(;d  with  the  object  of 
ascertainiti*^  what  ])ro])ortion  couhl  be  idf^ntified  with  (Gordon's  four  types. 

Table  IV^  gives  the  results  of  af^glutination  and  absorption  tests  on  these 
eighteen  strains  with  six  monovalent  sera  prepared  from  the  four  types,  one 
each  of  Types  I  and  IV  and  two  each  of  Types  II  and  \\\. 

The  results  were  clear  and  definite  with  fourteen  strains  which  could  be 
classified  as  follows: 

Type  I  Type  II  Type  III 

1  9  4 

Table  IV.    Agglutination  and  absorption  tests  upon  a  series  of  unselected 
strains  of  cerebrospinal  meningococci. 

Type  III  sera 

Type  I  serum  ^ ^ Type  II  sera  Type  I V  Berum 

("Cou"  ("Bunt"  ("Mac"  ("Wat"     "(Mid"  ("Hie" 

1  in  800)  1  in  3200)  1  in  1600)  1  in  800)     (Goat)  1  in  1600) 


^-. 


Aggl.  Absorp.  Aggl.  Absorp.       Aggl.      Absorp.  Aggl.  Absorp.      Aggl.       Absorp. 

Smi  400  N.C.  400  V.S.    100    Nil  -  

Cha  200  N.C.  400  P.    800    P. 

Eld  400  N.C.  800  N.C.   800   N.C. 

Bay       +  P.  200  V.S.   200    Nil  +  ...  + 

Sim  100  Nil  800  N.C.   800   N.C. 

Bat  100  Nil  800  N.C.   800   N.C. 

Am       +  Nil  400  P.    400    C.  -  ...  + 

Rou                -  Nil  400  N.C.        800          C.  -  ...  +          Nil 

Chid                -  ...  -  1600  C.  + 

Mitch              -  ...  -  800  C. 

Pow                 -  ...  -  800  C.  + 

Mill                 -  ...  -  1600  C. 

And  800  ...  200  Nil         200          ...  800  C.          200         Nil 

Newb              -  ...  -  1600  C.  100 

Bay                 -  ...  -  800  C. 

Mor  -  ...  +  ...            -          Nil  800  C.            +          Nil 

Keay  -  Nil  -  ...            -          Nil  400  C.            + 

Ri  +  Nil  400  Nil         200        Nil  +  Nil           -          V.S. 

The  Type  II  serum  used  for  absorption  tests  in  this  series  was  the  goat  serum  from  which, 
as  has  been  recorded  above,  Type  II  strains  readily  removed  the  homologous  agglutinin. 

A  few  absorption  tests  were  also  carried  out  with  two  Type  II  rabbit  sera  ("Wat" 
and  "Gl");  from  these  sera  none  of  the  strains  (except  the  homologous  coccus  in  each 
instance)  was  able  to  remove  more  than  a  slight  amount  of  the  homologous  agglutinin  at 
one  absorption  but  after  a  second  addition  of  the  cocci  one  strain  ("Mor")  removed  the 
whole  of  the  agglutinin  from  both  sera.  It  is  intoresfiug  that  this  strain  ("Mor")  was  ablo 
to  combine  with  the  agglutinins  produced  by  two  ditTcrcnt  strains  ('Wat"  and  "C;i  "), 
neither  of  which  was  able  to  exhaust  the  serum  produced  by  the  other  ("Gl "  or  "Wat"). 

Journ.  of  Hyg.  xix  * 
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One  of  the  Type  III  strains  ("Ron")  was  atypical  in  agglutinogenic  capacity,  A  rabbit 
was  under  treatment  with  this  coccus  a  total  period  of  two  and  a  half  months,  the  final 
dose  being  80  mgrra.,  and  during  this  period  its  serum  was  frequently  tested.  The  last 
sample  of  serum  failed  to  agglutinate  the  homologous  coccus  at  1-100  and  only  on  one 
previous  occasion  did  the  titre  rise  to  1-100.  The  final  sample  of  serum  agglutinated 
chiefly  Types  I  and  III  strains  and  these  were  equally  acted  upon  but  only  in  dilutions 
of  1-100  and  1-200. 

The  remaining  four  of  the  eighteen  strains  gave  the  following  results: 
Two  of  the  strains  ("Cha"  and  "Eld")  absorbed  the  homologous  agglutinin 
from  two  type  sera  (I  and  III)^  A  third  strain  ("Bay")  although  it  was  not 
agglutinated  by  the  Type  I  serum  appeared  to  absorb  its  agglutinin  partially, 
an  observation  twice  made.  The  fourth  strain  ("Ri")  agglutinated  best  with 
the  two  Type  III  sera  but  failed  to  absorb  agglutinin  from  either  serum;  there 
was  also  no  absorption  with  this  strain  from  five  other  sera,  two  Type  T,  two 
Type  II  and  one  Type  IV. 

With  a  view  to  studying  the  agglutinogenic  capacity  of  this  latter  strain  a  serum  was 
prepared  from  it.  This  serum,  with  a  titre  of  1-800,  acted  best  on  Type  I  and  Type  III 
strains,  agglutinating  the  majority  of  them  to  the  full  titre  of  the  serum;  a  good  many 
Type  II  strains  were  also  agglutinated  but  agghitination  with  one  exception  ("Glid  "  1-800), 
was  complete  only  at  1-100  or  1-200.  Agglutinin  absorption  tests  were  carried  out  and  the 
strain  producing  the  serum  was  the  only  one  which  removed  the  homologous  agglutinin 
completely.  Type  I  and  Type  III,  as  well  as  cocci  containing  "C"  agglutinin,  removed  it 
partially.  There  was  very  slight  or  no  absorption  from  the  serum  with  the  Type  II  and 
Type  IV  cocci  used. 

SUMMARY  OF  RESULTS  WITH  THE  THIRD  SERIES  OF  MENINGOCOCCI. 

Out  of  eighteen  unselected  strains  fourteen  could  be  identified  with  one 
or  other  of  three  of  Gordon's  four  types.  The  remaining  four  were  not  typical; 
two  were  agglutinated  best  with  Type  III  sera  but  absorbed  agglutinin  from 
both  Type  I  and  Type  III  sera ;  one  gave  a  doubtful  result,  absorbing  slightly 
from  a  Type  I  serum  which  had  not  agglutinated  it;  and  one  could  not  be 
identified  by  absorption  tests  with  any  type  but  was  apparently  related  to 
Type  III  according  to  the  agglutination  test. 

Tests  with  agglutinating  sera  from  horses. 

Altogether  five  horses  were  used  for  the  purpose  of  producing  agglutinating 
sera.  Four  of  the  animals  were  intravenously  inoculated  at  five  to  seven  days' 
intervals  with  gradually  increasing  doses  of  living  meningococci.  The  initial 
dose  in  each  case  was  10  mgrm.  and  the  largest  dose  given  was  360  mgrm. 
The  procedure  in  the  fifth  horse  was  a  little  different.  This  horse  was  im- 
munised with  Type  IV  cocci,  and  as  an  agglutinating  serum  for  this  type  was 
then  urgently  required  for  trial  a  more  intensive  method  was  adopted.  After 
three  preliminary  small  doses  during  four  days,  the  horse  received  the  relatively 

1  Gordon  (1915)  has  recorded  a  strain  with  similar  combining  capacities  which  he  has  termed 
"amphoteric." 
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larf»o  dose  of  Ino  mirrni.  on  tin*  sixth  day  and  "JOO  rnf;rni.  on  tlio  eleventh 
(lav,  risin;^  l>\-  stair's  to  'M)i)  on  tlic  t  wrnty-ei^hth  day,  Tliese  doses  were  well 
borne  hut  tlie  srrnin  could  n(»t,  lor  the  reasons  stated  hclow,  he  used  for 
a«;^lutination  tests. 

In  this  series  of  five  horses  no  dcsensitisin*;  doses  were  j_'iven,  and  none?  of 
tin'  horses  died  as  tin-  direct  residt  of  the  injections.  One,  however  (Mi  1, 
Tvpe  II),  die(l  twelve  to  fonrteeii  honis  after  an  injection  of  .'iOO  ni^nin.  hut 
t  he  i  in  mediate  cause  of  death  was  jiid<:ed  to  he  due  to  distension  of  the  stomach 
foIlowin<;  an  over-feed  of  <zreen  food. 

Sain])les  of  the  sera  were  siMit  to  Col.  (Gordon  at  frecjuent  intervals,  and  wln^n 
these  <j:av(»  satisfaetorv  aj;<zlutinntion  with  the  hf)moIo<ious  cocci  the  horsf^s 
were  bled. 

None  of  the  sera,  however,  were  used  for  the  purpose  for  which  they  had 
been  prepared,  as  it  was  found  by  Col.  Gordon,  after  trial  on  a  variety  of 
strains,  that  they  were  not  specific;  that  is,  they  did  not  differentiate  the 
meningococci  into  the  same  types  as  rabbit  sera.  Some  of  the  serum  was  used 
therapeutically  in  a  few  cases  (one  Type  II  and  two  or  three  Type  III  cases) 
apparentlv  with  good  result,  all  the  cases  treated  recovering. 

For  the  purpose  of  comparing  the  relative  specificity  of  different  animal 
sera,  the  sera  of  these  horses,  as  well  as  of  others  imnmnised  later  on  for  the 
production  of  therapeutic  sera,  were  tested  by  me  against  a  large  number  of 
strains  of  meningococci. 

In  Table  V  are  given  the  results  of  agglutination  tests  with  five  horse  sera 
and  one  donkey  serum  on  thirty  strains,  all  of  which,  with  one  exception 
(M  15),  have  been  identified  by  means  of  rabbit  sera  with  one  or  other  of 
Gordon's  four  types. 

Horse  1  was  immunised  with  eight  strains  sent  to  me  as  representative 
of  Type  I.  One  of  these  strains  ("Mac''),  however,  was  subsequently  found  to 
be  not  a  Type  I  but  a  Type  III  strain.  It  is  not  therefore  surprising  that  there 
was  no  differentiation  between  Type  I  and  Type  III  cocci,  which  were  the 
only  strains  agglutinated  well  with  this  serum. 

The  donkey  serum  was  produced  with  four  typical  Type  I  cocci  and  like 
Horse  1  serum  divided  the  series  into  two  groups,  Types  II  and  IV  strains 
being  unaffected,  while  Types  I  and  III  (except  Bunting)  were  agglutinated 
in  dilutions  from  1-200  to  1-800. 

The  other  Type  I  serum  was  a  univalent  serum  with  a  high  titre  for  the 
homologous  coccus.  This  serum  was  one  of  the  latest  produced  sera  and  some 
of  the  early  strains  were  not  then  available  for  test.  Many  lat(T  ones  were 
however  included  and  altogether  fifty-two  strains  were  tested.  Sixteen  Type  I 
strains  were  agglutinated  in  dilutions  I  H)00  to  1  CAOO:  thirteen  Type  III 
were  complete  at  1  400  to  1  800;  seventeen  Type  II  were  complete  at  1-iOi) 
to  1-800  and  four  Type  IV  1  150  to  1  400.  Thus,  with  this  serum,  while 
there  was  no  sharp  line  of  demarcation  })etween  Type  I  strains  and  the  other 
types,  all  Type  I  cocci  were  agglutinated  in  higher  dilutions  than  any  other  type. 
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Table  V.    Agglutination  tests  with  horse  sera  wpon  various  strains  of  meningo- 
cocci from  the  three  series. 


J  I              ^'■ 

a 

Type  HI 
Horse  li 

Type  II 
Horse  4 

Type  IV 
Horse  5 

I)e 

si^'nation 

Horse  1 

Donkey 

Horse  35* 

ol 

:  strains 

Multivalent 

Monovalent 

Multivalent 

Type  I— 

Litt 

IGOO 

800 

1600 

— 

800 

200 

Cou 

400 

800 

3200 

— 

400 

+ 

Win 

400 

800 

6400 

+ 

400 

(+) 

Sher 

1600 

400 

3200 

+ 

200t 

100 

Kna 

400 

400 

3200 

4-  and  200 

400 

+ 

Lis 

800 

800 

. . . 

- 

400 

(  +  ) 

Mit 

400 

800 

1600 

100 

400t 

+ 

Jor 

1600 

800 

400 

400 

•  •  • 

M4 

800 

800 

... 

+ 

800 

(+) 

M48 

800 

200 

... 

- 

+ 

Type  III- 

-  Bunt 

(  +  ) 

(  +  ) 

400 

1600 

1600 

400 

Mac 

400 

200 

800 

1600 

800 

400 

M12 

800 

200 

... 

1600 

1600 

400 

M17 

400 

200 

... 

800 

3200 

100 

M43 

400 

200 

800 

800 

1600 

400 

♦'C— 

M15 

100 

200 

... 

- 

+ 

100 

Type  II— 

McP 

(+) 

- 

400 

200 

3200 

200 

Wat 

- 

- 

400 

- 

3200 

100 

Mi 

100 

... 

400 

400 

1600 

400 

Wy 

+ 

... 

400  . 

+ 

1600 

+ 

Glid 

(+) 

(  +  ) 

800 

_ 

800 

800 

Keay 

- 

- 

... 

- 

800 

+ 

M  19 

100 

- 

... 

400 

3200 

800 

M20 

- 

- 

... 

400t 

1600 

400 

M24 

- 

- 

... 

- 

800 

+ 

Type  IV— 

M33 

- 

- 

•  •  • 

(  +  ) 

800 

800 

Hie 

+ 

- 

200 

+ 

800 

400 

Gar 

200t 

+ 

200 

— 

800 

400 

Bow 

100 

+ 

400 

200 

1600 

800 

My 

+ 

(+) 

100 

200 

1600 

800 

*  Horse  35  serum  was  tested  on  34  strains  additional  to  those  in  the  table  with  the  following 
results:  10  Type  I  agglutinated  at  1-1600  to  1-6400;  10  Type  HI,  1-400  to  1-800;  12  Type  II, 
1-200  to  1-800;    "Eld,"  1-1600;    "Ri,"  1-200. 

t  Denotes  that  agglutination  was  not  quite  complete  at  that  dilution  and  all  lower  dilutions. 

Horse  3  was  immunised  with  a  single  Type  III  strain.  The  serum  agglu- 
tinated five  Type  III  strains  up  to  1-800  and  1-1600  and  agglutinated  also  a 
few  strains  from  each  of  the  other  three  types  at  lower  dilutions. 

Horse  4  was  at  first  immunised  with  a  single  strain  but,  when  it  was  found 
by  Col.  Gordon  that  the  serum  after  six  weeks'  immunisation  did  not  agglu- 
tinate all  Type  II  cocci  equally  well,  three  other  strains  were  added.  With 
these  four  strains  a  serum  of  high  titre  was  obtained,  but  it  did  not  differentiate 
Type  II  from  other  types.  Similarly  the  Type  IV  (multivalent)  serum  was 
not  specific  in  its  action,  strains  from  other  types  being  picked  out  irregularly 


A.  S.  (iRIFFlTH  53 

and  ai;«;Iutina(('(l  in  as  lii;/li  dilution  uh  the  Tyix'  IV  strains.  The  serum  from 
this  horsc!  hocanie  uscdcss  allcr  conlinucd  innnunisation  for  anotlier  reason, 
namclv,  flic  occurrence"  of  Ihc  phe'norncnon  of  y)ro-a^^hitination.  A;/^hitina- 
tion  of  the  lioinoIo[,'ous  and  other  cocci  did  not,  occur  until  tlie  scjruni  had 
been  dihit cd  I  (SOO  or  more,  and  th(Mi  ordy  excf^ptionally  was  there  coin})lete 
aji^hitinat ion  ol  tlic  cocci.  The  ])h(;nornenon  of  pr(;-agglutination  was 
fre(|u«'ntly  observed  with  horse  sera  but  usually  it  was  evident  only  in  the 
low  dilutions  of  the  sera. 

Testa  made  with  tlie  sera  of  other  horses  confirmed  as  a  rule  those  first 
obtained.  Moderately  specific  sera  were  produced  by  Types  I  and  III  strains, 
while  sera  made  with  II  and  IV  strains  were  generally,  though  not  invariablv, 
found  to  act  well  on  strains  of  other  types. 

A  few  absorption  tests  were  carried  out.  From  Horse  4  serum  (when  mono- 
valent) three  Type  II  strains  removed  homologous  agglutinin  completely  and 
four  Type  IV  removed  it  partially. 

Horse  35  (Type  I)  serum  was  absorbed  with  twenty-four  strains.  Four 
Type  I  and  the  "amphoteric"  strain  ("Eld'')  removed  the  homologous 
agglutinin  completely,  two  Type  III  and  one  Type  IV  removed  it  partially, 
while  the  rest,  including  representatives  of  II,  III  and  IV,  removed  onlv  a 
slight  amount  or  none  at  all. 

From  Horse  3  serum  all  the  Type  III  cocci  removed  the  homologous 
agglutinin  completely,  but  some  II  and  IV  strains  (i.e.  those  which  combined 
with  the  homologous  agglutinin  in  "Mac"  rabbit  serum)  were  also  able  to 
remove  a  good  deal  of  it. 

Agglutination  and  absorption  tests  with  horse  sera  were  in  the  main, 
therefore,  in  agreement  with  those  obtained  with  rabbit  sera. 

Tests  with  agglutinating  sera  from  goats. 

Seven  goats  in  all  were  immunised  with  three  of  Gordon's  types  of 
meningococci,  three  with  Type  I,  three  w^ith  Type  II  and  one  w^ith  Type  III. 

Goats  were  found  to  be  very  susceptible  to  the  intravenous  inoculation  of 
meningococci.  An  initial  dose  of  1  mgrm.  produced  severe  symptoms,  and 
although  the  doses  w^ere  very  cautiously  increased  the  animals  were  often 
unwell  and  refused  their  food  twenty-four  and  more  hours  after  an  injection; 
they  also  lost  weight.  Three  of  the  goats  died  after  an  injection  two-and-a-half 
and  four  months  after  treatment  began.  None  of  these  sera  had  attained  a 
titre  for  the  homologous  coccus  higher  than  1-200.  One  goat  died  from 
causes  unconnected  with  the  experiment  and  in  another  case  the  experiment 
was  discontinued. 

Onlv  two  of  the  goats  produced  a  serum  with  a  satisfactory  titre  for  the 
homologous  coccus. 

The  serum  of  Goat  1  ("Litt")  agglutinated  the  homologous  coccus  at 
1-800  and  other  Type  I  cocci  in  dilutions  1  200  to  1  8(M).  With  the  exception 
of  one  strain  ("Gar,"  complete  1-100)  no  coccus  belonging  to  other  types  was 
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acted  upon  at  1  100.  This  serum  was  absorbed  with  a  selection  of  strains,  and 
all  the  Type  I  cocci  tested  absorbed  the  homologous  agglutinin,  while  none 
of  the  other  types  removed  any. 

The  second  satisfactory  serum  was  made  with  a  Type  II  coccus  ("Glid"), 
which  was  agglutinated  at  1-1  (500  after  the  goat  had  been  about  four  months 
under  treatment;  other  Type  II  cocci  were  agglutinated  in  dilutions  1-400 
to  1-1600.  The  Type  IV  cocci  and  one  Type  I  coccus  were  agglutinated  at 
1-100,  while  other  cocci  were  unacted  upon  at  that  dilution.  The  serum  of 
this  goat  proved  very  useful  for  absorption  tests;  all  Type  II  cocci  (with  one 
or  two  exceptions)  absorbed  the  specific  agglutinin,  whereas  no  coccus  of  other 
types  was  able  to  combine  with  it. 

The  two  strains  ("Litt"  and  "Glid")  used  for  the  immunisation  of  Goats  1 
and  6  were  also  used  to  immunise  rabbits.  While  from  each  of  the  goat  sera 
the  specific  agglutinin  was  readily  absorbed  by  the  cocci  of  the  same  type  as 
that  used  in  producing  the  serum,  *from  the  rabbit  sera  specific  agglutinin 
was  removed  completely  by  the  homologous  coccus  only,  other  allied  strains 
removing  it  only  partially  or  slightly. 

My  conclusion  from  the  above  experiments  is  that  goats  are  not  suitable 
for  the  production  of  meningococcic  agglutinating  sera  on  account  of  their 
susceptibility  and  the  tardy  appearance  of  agglutinins.  In  the  two  cases 
where  sera  of  good  titre  were  obtained  the  agglutinins  produced  appeared  to 
be  specific  both  in  agglutinative  action  and  in  relation  to  the  absorption  test. 

Variability  of  seroJogical  results. 

All  who  have  worked  with  the  meningococcus  have  noted  irregularities 
in  the  results  of  serological  tests. 

The  most  common  irregularity  is  variation  in  agglutinability  of  a  strain. 
In  the  course  of  this  investigation  agglutination  tests  with  the  same  serum 
and  coccal  suspension  have  often  been  repeated  and  the  results  have  not 
always  been  identical,  although  the  divergence  has  not  been  great.  The  widest 
variations  between  results  on  different  occasions  have  been  observed  when 
different  suspensions  of  the  same  strain  have  been  used.  This  has  been  the 
case  with  Type  II  strains  especially,  but  a  similar  observation  has  been  made 
with  a  Type  III  and  a  Type  IV  strain.  This  particular  irregularity  has  caused 
great  trouble  in  absorption  tests  w^th  Type  II.  On  several  occasions  when  it 
was  necessary  to  use  a  fresh  suspension  of  the  coccus  homologous  with  the 
serum,  the  new  suspension  has  been  found  to  agglutinate  in  very  much  lower 
dilution  than  the  previous  one.  In  one  instance  one  suspension  agglutinated 
at  1-3200  while  a  later,  fresh,  suspension  was  complete  only  at  1-100.  Gordon 
(1917),  Tulloch  (1917),  Scott  (1917)  relate  similar  examples. 

In  absorption  tests  there  have  been  shght  variations  in  the  degree  to  which 
a  particular  coccus  has  removed  homologous  agglutinin  from  a  serum  on 
different  occasions,  but  in  general  the  results  of  repeated  absorption  tests  have 
been  remarkably  constant. 
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It  is  sonictinics  thr  case  that  tlic  stFaiii  used  for  pfodiiciiipj  the  serum 
a^ghitiiuitcs  at  a  loss  liij/li  tit  re  lliaii  ot  liri'  st  rains  oi  ihv.  same  type.  On  two 
occasions,  once  with  a  'I'vpc  11  stiaiii  aii<l  once,  with  a  Ty])e  111  strain,  tills 
feature  was  vcrv  niarivcd.  Kiscr  and  Huntoon  (11H)*J)  express  the  view  that 
inagt^iutinahic  hut  a^'<,dutino|;enic  strains  are  of  fre(juent  occurrence,  hut  as 
Eastwood  (I'.lKi)  points  out,  their  recorded  laboratory  data  in  support  of  this 
view  are  too  scant  \-  to  justify  such  a  generalisation. 

Varieties  of  meningococcus  antigen. 

The  results  of  the  serological  tests  on  the  first  series  of  rnenint^ococci 
indicate  the  existence,  in  this  particular  series  of  strains,  of  four  distinct 
meningococcal  antigens.  Each  of  the  four  types  of  meningococci,  into  which 
Gordon  has  divided  these  strains,  is  distinguished  by  the  predominance  of 
one  or  other  of  these  special  antigens. 

The  different  results  obtained  with  sera  made  from  strains  belonging  to 
the  same  type  are  attributable  to  variations  in  the  amount  and  kind  of  the 
other  antigenic  components  associated  with  the  type  antigen. 

In  certain  strains  one  type  of  antigen  greatly  preponderates  and  hence 
it  arises  that  sera  made  from  such  strains  are  very  specific,  picking  out  and 
agglutinating  at  high  titre  strains  with  the  same  antigen.  If  strains  of  this 
character  are  used  for  the  preparation  of  sera  for  the  classification  of  meningo- 
cocci the  division  into  types  appears  clear  and  definite.  In  other  strains  there 
are  associated  with  the  predominant  antigen  one  or  more  components  identical 
with  or  allied  to  the  other  type  antigens.  When  sera  made  from  such  strains 
are  employed  the  division  of  meningococci  into  types  can  no  longer  be  main- 
tained. 

Of  the  different  antigens,  Type  I  appears  to  be  more  often  present  in  a 
relatively  pure  state  than  the  others  and  on  this  account  it  is  easy  to  produce 
a  specific  Type  I  serum. 

The  strains  of  Type  II  show  greater  diversity  of  antigenic  structure  than 
those  of  Type  I.  There  appears  to  be  a  variety  of  antigen  common  to  all  the 
Type  II  strains,  but  this  is  often  associated  with  antigens  related  to  the  other 
types,  as  shown  by  the  agglutination  tests.  There  is,  however,  no  uniformity 
in  these  associated  antigens,  which  vary  in  different  strains  in  kind  and 
quantity.  This  is  a  possible  explanation  why  Type  II  sera  vary  so  much 
among  themselves  in  range  and  degree  of  capacity  to  agglutinate  meningococci 
of  all  types,  and  why  the  agglutinins  of  Type  II  sera  are  absorbed  irregularly 
by  Type  II  strains. 

Type  III  antigen  is  commonly  associated  with  antigens  which  agglutina- 
genically  are  related  to  Type  I,  but  one  strain  produced  a  serum  which  was 
able  to  agglutinate  strongly  some  Type  II  as  well  as  Type  I  strains,  and  from 
which  Type  II  strains  absorbed  the  homologous  agglutinin. 

Type  IV  strains  contain  in  common  an  antigen  which  is  different  from  the 
other  type  antigens.   This  antigen  is  usually  present  with  components  which 
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produce  agglutinins  with  combining  affinities  for  Type  II  strains,  but  one  of 
the  Type  IV  strains  showed  definite  evidence  of  serological  relationship  to 
Type  I. 

The  four  antigens  described  above  are  apparently  not  the  only  antigens 
which  are  common  to  groups  of  strains.  Scott  (1917)  has  distinguished  by 
means  of  the  absorption  test  at  least  eight  distinct  sub-groups  in  a  series 
of  131  strains  of  meningococci  ((JO  cerebro-spinal  and  71  pharyngeal). 
F.  Griffith  (1917)  has  demonstrated  three  main  antigens,  designated  "A," 
"B"  and  "C"  (two  of  these,  "A"  and  "B,"  are  identical  with  Gordon's 
Type  I  and  Type  III  respectively)  in  his  Group  I,  and  at  least  four  in  his 
Group  II. 

I  have  had  experience  with  only  one  of  these  additional  antigens,  i.e.,  the 
one  producing  F.  Griffith's  "C"  agglutinin,  the  existence  of  which  I  have 
confirmed.  This  antigen  is  related  to  Types  I  and  III  but  appears  to  be  less 
complex  than  either,  since  the  two  latter  can  absorb  the  "C"  agglutinin  but 
the  "C"  antigen  is  unable  to  remove  either  Type  I  or  Type  III  agglutinins. 

SUMMARY  AND  CONCLUSIONS. 

The  serological  reactions  of  three  series  (comprising  ninety-three  strains)  of 
cerebro-spinal  meningococci  sent  to  me  from  three  different  laboratories 
have  been  studied. 

The  first  series  of  forty-four  strains  came  from  the  Central  C.-S.  F.  Labora- 
tory and  were  obtained  from  military  cases  of  cerebro-spinal  fever.  They 
had  already  been  classified  into  four  types  by  means  of  Gordon's  type  sera. 
I  prepared  monovalent  agglutinating  sera  from  members  of  each  type  and 
with  certain  of  these  sera  I  was  able  by  means  of  the  absorption  test  to  divide 
the  strains  into  four  classes  corresponding  to  Gordon's  foUr  types.  When, 
however,  sera  made  from  other  members  of  each  type  were  used  the  same 
differentiation  of  the  strains  could  not  be  made,  and  in  others  was  less  well- 
defined. 

The  second  series  (thirty-one  strains)  came  from  the  Local  Government 
Board's  Laboratory  and  were  derived  from  cerebro-spinal  fever  cases  occurring 
among  the  general  population,  including  both  adults  and  children.  Simple 
agglutination  tests  with  certain  type  sera  made  from  Gordon's  strains  effected 
a  division  of  the  majority  of  the  strains  into  two  main  groups,  in  agreement 
with  F.  Griffith's  classification,  a  few  strains  being  agglutinated  by  both  sera, 
and  a  few  not  being  placed  on  account  of  insufficient  agglutination.  With 
Type  III  and  Type  IV  sera  there  was  definite  indication  of  sub-groups  within 
the  two  main  groups. 

By  application  of  the  absorption  of  agglutinin  test  it  was  found  that: 

(1)  Of  the  Group  I  strains  four  were  identical  with  Type  I  and  three 
with  Type  III  (these  strains  were  agglutinated  to  the  full  titre  of  the  Type  III 
sera) ;  three  absorbed  agglutinin  from  more  than  one  type  serum,  two  absorbing 
the  agglutinin  from  I  and  III  and  one  from  I  and  II;  the  remaining  nine 
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could  not  l.c  idcutifird  with  any  of  ( Jordon's  types.  Six  of  these  nino  unplaced 
strains  wwv  shown  lt\'  the  use  of  a  scrum  niiidc  from  one  of  them  to  form  a 
well-dolined  sub-grouj).  This  suh-^Toiij)  had  already  been  defined  by  F.  (Griffith 
who  dcsi^niatcd  the  anti«,'<'n  present  in  these  strains  "('"  anti^'en.  Typ^  ^ 
corres])on(ie(i  to  strains  of  (Jroup  I  containing  his  "A"  anti^^en  and  Type  III 
to  his  "ir*  anti«,'en.  Thus  the  "C"  antipen  of  Uroup  1  which  K.  (irifhth 
ronsi(iers  to  be  less  complex  than  "A"  or  "  i>  '  was  not  represented  in  Gordon's 
mihtarv  cases. 

(2)  Of  the  twelve  Grouj)  II  strains  seven  were  identified  with  Gordon's 
Type  II  and  two  with  Ty})e  I\'.  The  remaininj^  three  could  not  be  identified 
with  any  of  Gordon's  ty])es. 

The  third  series  (eijjfjiteen  strains)  was  derived  from  adult  cases  of  cerebro- 
spinal fever.  One  of  the  strains  was  identified  with  Ty])e  I,  nine  with  Type  II 
and  four  with  Type  III.  Of  the  remainder  two  absorbed  agglutinin  from 
Type  I  and  Type  III  sera,  one  was  indeterminate  and  one  could  not  be 
identified  by  absorption  tests  with  any  of  the  four  types. 

It  should  be  noted  here  that  it  was  with  an  exceptional  goat  serum  that  the 
Type  II  strains  in  Series  2  and  3  were  classified  by  absorption;  none  of  the 
rabbit  sera  defined  Type  II  strains  so  well  as  this  goat  serum. 

My  conclusions  from  the  above  results  are  as  follows: 

(1)  If  carefulty  selected  type  sera  be  taken  as  standards  Gordon's  four 
types  can  be  well  defined. 

(2)  These  four  types  are  not  sufficient  to  include  all  meningococci  which 
may  be  obtained  from  cases  of  cerebro-spinal  fever. 

(3)  The  proportion  of  strains  which  do  not  fall  into  any  of  Gordon's 
four  types  is  greatest  in  cases  of  meningitis  occurring  among  the  general 
population. 

(4)  The  division  of  the  first  series  of  meningococci  into  four  types  depends 
upon  the  existence  of  four  chief  antigenic  components. 


PART  11. 

THE  PREPARATION  OF  ANTI-MENINGOCOCCUS  SERUM. 

The  demonstration  of  the  existence  of  at  least  four  types  of  epidemic 
meningococci  is  of  great  practical  importance  from  the  point  of  view  of  the 
treatment  of  cerebro-spinal  fever. 

In  the  early  years  of  the  war  cases  of  meningitis  were  treated  with  multi- 
valent serum  from  different  sources.  The  results  were  disappointing  and  it 
was  realised,  in  view  of  Gordon's  findings,  that  one  reason  for  this  lack  of 
success  was  that  the  serum  used  had  not  been  prepared  with  strains  which 
corresponded  to  the  type  of  meningococcus  infecting  the  patient. 

In  order  therefore  to  ensure  })rovisi()n  of  more  s])ecitic  sera  for  the  treat- 
ment of  cases  of  cerebro-spinal  fever  in  the  Army,  cultures  of  the  four  types  of 
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meningococci  were  supplied  by  the  Central  Cerebro-spinal  Fever  Laboratory 
to  the  various  makers  of  anti-meningococcus  serum. 

Clinical  experience  with  these  type  sera  during  the  epidemic  of  1917 
indicated  considerable  variation  in  the  therapeutic  value  of  ditt'erent  batches 
of  anti-meningococcus  serum,  and  it  was  recognised  that  experimental 
investigations  were  desirable  for  the  purpose  of  defining  the  best  methods  of 
preparing  and  standardising  anti-meningococcus  serum. 

Having  already  had  some  experience  in  the  immunisation  of  horses,  I  was 
instructed  by  the  Medical  Research  Committee  to  co-operate  with  Colonel  Gordon 
in  an  attempt  to  improve  the  therapeutic  value  of  anti-meningococcus  serum. 

Facilities  in  the  way  of  accommodation  for  horses  and  of  extra  laboratory 
space  were  generously  provided  by  the  Committee  of  the  Field  Laboratories, 
University  of  Cambridge. 

It  was  arranged  that  the  testing  of  the  serum  was  to  be  done  by  Colonel 
Gordon  at  the  Central  Cerebro-spinal  Fever  Laboratory  and  that  no  serum 
was  to  be  issued  for  use  which  had  not  been  approved  by  him. 

Preliminary  Experiments.  The  work  began  in  the  summer  of  1917  when 
four  horses  were  procured.  These  were  used  to  test  the  relative  values  of  the 
intravenous  and  intramuscular  methods  of  injection,  one  pair  being  immunised 
with  a  Type  I  coccus,  the  other  with  a  Type  II  coccus.  Later  on,  other  horses 
were  obtained  for  the  purpose  of  comparing  the  antigenic  value  of  the  living 
with  that  of  the  dead  coccus. 

Unfortunately  these  experiments  were  not  carried  far  enough  for  definite 
conclusions  to  be  drawn  owing  to  the  death  or  defect  of  one  of  the  horses  in 
each  pair. 

Horses  were  at  that  time  very  difKcult  to  obtain  and  several  were  purchased  which 
on  account  of  age  or  infirmity  were  unable  to  stand  the  strain  of  immunisation  with  the 
meningococcus.  Experience  showed  that  only  young  healthy  horses  are  suitable  for  this 
work.  The  horse  is  very  susceptible  to  the  meningococcus  toxin,  and  after  an  injection 
almost  invariably  lies  down.  If  the  animal  is  aged  or  defective  in  wind  or  limb  there  comes 
a  time,  generally  in  the  later  stages  of  the  immunisation,  when  the  animal  goes  down  and  is 
unable  to  get  up  again  unaided.  My  difficulties  in  this  regard  were  removed  in  December, 
1917,  when  arrangements  were  made  with  the  Army  Veterinary  Department  by  which  I  was 
enabled  to  obtain  horses  which,  while  no  longer  fit  for  military  duty,  were  suitable  in  every 
respect  for  serum  production. 

The  intravenous  and  intramuscular  comparisons  were,  however,  carried 
sufficiently  far  to  indicate  that  the  latter  method  was  inferior  to  the  former 
in  the  production  of  agglutinins  and  opsonins,  and,  as  the  intramuscular 
injections  produced  large  painful  swellings  which  sometimes  broke  down,  this 
method  of  immunisation  was  abandoned  for  the  intravenous  method.  Intra- 
venously inoculated  animals  were  given  gradually  increasing  doses  at  weekly 
intervals,  according  to  the  method  employed  at  the  Pasteur  Institute,  Paris  ^, 

*  I  am  indebted  to  Dr  Dujardin-Beaumetz  and  M.  Victor  Frasey,  Medicin  Veterinaire  de 
rinstitut  Pasteur,  for  demonstrating  to  me  in  December,  1915,  the  methods  employed  in  the 
production  of  anti-meningococcus  serum  at  the  Pasteur  Institute,  Paris. 
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at  first  of  killed  cull  lilt',  llicii  ol  li\iiiLr  culliiic;  wlicii  tlic  doses  hc^jaii  to 
cause  serious  syiiiploiiis  dcsnisil  isiut/  doses  were  adininistJM'ed  1  \s-o  Iioufh 
Ix'fore  the  inaiu  dose  as  leeoimueiided  l)\'  Dopter  (MM(I). 

The  seia  from  these  iiil  ra\  eiiously  inoculated  aniuials  niU'T  nearly  .six 
nioiitiis  treatnuMit  on  these  lines  were  carefully  test(*d  at  tlie  Central  C.-S.  F. 
I^ahoratory  foi-  aiz^dutinins,  ojjsonins  aiul  anti-endotoxin. 

(■'onion's  mcdiod  of  Icstiii^  for  ;mfi-«'ii(lolo.\iii  was  iis  followH:  the  growtli  fi'^in  young 
cultures  of  virulent  stiainsof  mcningoocxjci  were  killed  In  ef  lier,  dried  in  ixicvoAm]  powden-d; 
01  ^rni.  of  this  powder  was  carefully  and  thoroughly  ground  in  an  agat<*  mortar  and  /j  c.c. 
of  distilled  water  slowly  added;  the  heavier  })articleH  were  eentrifuged  out  and  an  opaque 
watery  extract  was  obtained  of  which  01  to  0-2  c.c.  waw  lethal  to  mice  ino(ulat«'d  intra- 
peritoncally. 

One  minimal  lethal  dose  of  this  extract  and  O-Ty  c.c.  of  the  scrum  were  mixed  together  and 
incubated  for  'M)  mins.  at  'M"^  (\  The  mixture  was  then  inoculated  intraperitoneally  into  a 
mouse.  Control  mice  were  inoculated  with  toxin  and  normal  liorse  serum.  With  pott^nt 
toxin  the  survival  or  death  of  the  mouse  was  the  criterion,  but  with  weaker  toxin  the  presence 
or  absence  of  illness  was  regarded  as  a  good  index  of  the  antitoxic  value  of  the  serum. 

As  evidence  that  a  good  serum  must  contain  anti-endotoxin,  Cordon  (J 91 8)  records  the 
following  observation:  he  found  that  multivalent  serum  which  gave  the  best  results  in 
military  pases  was  differentiated  from  serum  of  less  therapeutic  value  by  ability  to  neutralise 
in  0-5  c.c.  amounts  one  minimal  lethal  dose  of  the  endotoxin  of  both  Types  I  and  I]  of  the 
meningococcus. 

In  consequence  of  this  observation  it  was  decided  to  use,  as  far  as  was  practicable,  for 
the  treatment  of  cases  of  the  disease  only  those  sera  which  contained  a  definite  amount  of 
anti-endotoxin. 

The  samples  were  reported  to  be  excellent  as  regards  agglutinins  and 
opsonins  but  deficient  in  anti-endotoxin. 

As  the  doses  then  reached  were  fairly  high  and  had  caused  severe  symp- 
toms even  after  desensitisation,  and  as  it  appeared  to  me  that  further  increase 
of  dose  to  the  level  apparently  necessary  to  make  the  serum  protective 
might  be  fatal  for  some  of  the  animals,  I  therefore  decided  to  adopt  the 
method  of  Amoss  and  Wollstein  (1916)  for  the  rapid  preparation  of  anti- 
meningitis  serum. 

Method  of  Amoss  and  Wollstein.  This  method,  which  is,  in  principle,  the 
intensive  method  of  immunisation  of  Fornet  and  Miiller  (1910),  was  recom- 
mended by  Amoss  and  Wollstein  because  it  enabled  them  to  prepare  anti- 
meningitis  serum  within  six  to  eight  weeks  and  to  give  large  dose.s  of 
meningococci  with  safety. 

The  plan  was  to  begin  with  small  doses  of  living  meningococci  injected 
daily  for  three  days  followed  by  a  period  of  rest  of  seven  days,  when  another 
series  of  injections  was  made.  After  the  first  series  the  dose  given  on  the 
first  day  of  each  subsecjuent  series  corresponded  to  that  given  on  the  last 
day  of  the  preceding  series.  The  temperature  was  taken  hf)urly.  beginning 
at  the  fourth  hour,  until  it  had  reached  its  maximum  and  begun  to  decline. 
If  the  rise  did  not  e(|ual  2-5°  C.  to  3°  C  the  conclusion  was  drawn  that  the 
dose  was  too  small.    It  was  increased,  therefore,  for  the  injection  twenty-four 
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hours  later  above  the  usual  rate  of  increase.  If,  on  the  other  hand,  the 
temperature  did  not  fall  to  normal  within  eighteen  to  twenty-four  hours  the 
conclusion  was  drawn  that  the  dose  given  was  too  large.  Hy  following  this 
plan  doses  could  be  regulated  with  nicety,  and  a  maximum  of  reaction  obtained 
with  a  minimum  of  danger.  After  the  third  or  fourth  series  of  injections  a 
desensitising  dose  was  given  before  the  first  injection  in  each  series.  The 
greatest  reaction,  as  a  rule,  was  that  produced  by  the  first  injection,  whereas 
the  succeeding  injections  on  the  second  and  third  days  tended  to  produce 
less  severe  reactions.  Hence  the  increase  between  the  second  and  third 
injections  might  be  larger  than  that  between  the  first  and  second.  The  doses 
were  measured  by  suspending  the  growth  from  one  agar  slant  in  2  c.c.  of 
physiological  salt  solution,  giving  definite  amounts  of  this  suspension  beginning 
with  0-1  c.c.  or  one-twentieth  of  an  agar  slant.  The  largest  amount  of  any 
single  injection  was  one-fourth  of  each  slant  from  seventeen  different  strains. 
Meningococci  and  para-meningococci  were  used  alternately  in  the  series  of 
injections.  When  autolysate  was  also  given  this  formed  one  series  alternating 
with  two  series  of  living  meningococci. 

My  method  at  first  differed  from  the  above  only  in  the  way  the  dose  was 
estimated  and  in  the  use  in  the  early  stages  of  the  immunisation  of  killed 
instead  of  living  culture.  The  doses  were  weighed  and  in  the  first  series  were 
5,  7-5  and  15  mgrm.  or  5,  10  and  20  mgrm.  according  to  the  susceptibility 
of  the  horse.  Each  horse  was  immunised  with  one  type  of  meningococcus 
only,  the  number  of  strains  used  varying  from  1  to  6.  Autolysates  and 
sensitised  cocci  were  administered,  but  not  in  any  regular  manner. 

In  series  subsequent  to  the  first  the  doses  were  increased  very  cautiously, 
and  it  was  recognised  later  that  the  increase  between  the  second  and  third 
doses  was  never  so  large  as  it  might  have  been.  Nevertheless,  as  reports  from 
Colonel  Gordon  testified,  the  sera  of  the  horses  quickly  showed  a  distinct 
advance,  both  in  agglutinins  and  opsonins,  on  those  produced  by  single  weekly 
doses,  and  several  also  proved  strong  in  anti-endotoxin.  Eventually  all  the 
horses  then  under  treatment  yielded  a  serum  which  was  declared  to  be 
sufficiently  anti-endotoxic  for  use  in  cases  of  the  disease. 

My  results,  therefore,  confirmed  Amoss  and  Wollstein's  statement  that 
good  anti-endotoxic  serum  can  be  produced  by  the  method  of  three  successive 
intravenous  injections  of  meningococci  at  stated  intervals. 

For  the  successful  routine  use  of  the  method,  however,  it  appeared  that 
considerable  experience  was  necessary  in  the  matter  of  dosage.  If  the  dose, 
and  particularly  the  third  dose  in  each  series,  were  not  properly  adjusted  to 
reactive  capacity,  i.e.  if  it  were  insufficient  or  excessive,  the  serum  of  the 
horse  instead  of  rising  in  titre  would  appear  actually  to  fall. 

No  definite  scheme  of  dosage  can  be  laid  down,  for  the  doses  will  vary  with 
the  individual  horse,  but  according  to  the  method  a^  practised  here  the 
following  may  be  regarded  as  a  normal  course,  the  figures  representing  mgrms. 
of  culture. 
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iSeries  1 

2 

3 

4 

5 

«) 

7 

5 

1.5 

30 

60 

•M) 

110 

160 

7-5 

20 

3r. 

(50 

1 25 

200 

225  to  250 

15 

30 

50 

100 

150 

300 

350 

DeHetisitisinj^  iiijectioiiM  ucic  ^ivni  before  the  lirst  dose  in  scricH  5,  (>  and  7. 

A  lioisc  which  had  received  such  Ji  course  of  injection.s  and  had  I'eacted 
typically  to  the  third  dose  could  be  bled  after  the  sixth  or  seventh  series. 
Tills  course  could  be  shortened  in  a  resistant  animal  by  giving  a  larger  dose 
at  the  end  of  the  fifth  series  and  substituting  the  seventh  for  the  sixth.  It 
will  be  noted  that  the  first  dose  of  the  seventh  series  does  not  correspond 
with  the  last  of  the  sixth.  When  the  third  dose  exceeded  150  mgrm,  (in  this 
instance  it  w^as  300  mgrm.)  it  was  of  course  impossible  to  begin  the  next 
series  with  that  dose  and  increase  in  the  same  proportion  as  before,  for  then 
the  animal  would  have  been  overwhelmed.  It  was  found  that  good  reactions 
were  obtained  with  a  dose  slightly  in  excess  of  the  preceding  first  dose,  subse- 
quent doses  increasing,  however,  at  a  higher  rate. 

When  the  total  weight  of  cocci  given  in  the  three  days  had  reached  750 
to  800  mgrm.  the  horse  was  allowed  to  rest  for  fourteen  to  twenty-one  days, 
when  the  injections  were  begun  again.  After  this  period  of  rest  horses  were 
often  found  to  be  hyper-sensitive,  and  in  order  to  avoid  accidents  it  was 
necessary  to  give  relatively  small  doses  for  the  first  series.  Another  plan, 
and  one  to  be  recommended  when  the  horse  had  been  some  time  under  treat- 
ment, was  to  change  the  type  of  coccus.  In  such  horses  immunisation  proceeds 
more  rapidly  than  in  new  horses. 

After  having  used  the  method  for  a  period  I  found  myself  unable  in  one 
respect  to  confirm  Amoss  and  WoUstein's  statement,  that  the  method  is  a 
safe  one.  In  the  later  stages  of  immunisation  the  horse  may  develop  hyper- 
sensitiveness  after  the  first  or  second  injections  of  a  series,  and  then  the 
cocci  instead  of  producing  a  reaction  are  strongly  toxic.  One  horse  died  after 
the  second  injection  in  a  series,  the  dose  being  200  mgrm.;  another  was 
gravely  ill  after  this  dose,  but  survived.  Another  horse  died  after  the  third 
injection  (dose  300  mgrm.). 

The  symptoms  in  all  these  cases  were  the  same.  Two  or  three  hours  after 
the  dose  the  horse  begins  to  sweat;  the  temperature  is  only  shghtly  raised 
above  the  normal ;  the  respirations  may  be  very  greatly  accelerated,  and  the 
animal  hes  prone;  gradually  the  sweating  extends  over  the  whole  body  and 
becomes  profuse;  between  the  fourth  and  fifth  hours  the  animal  dies,  or  it 
may  apparently  recover  for  a  time,  and  then  die  suddenly.  These  accidents 
can  be  avoided  if  the  effects  produced  by  the  preceding  injection  are  carefully 
studied.  It  is  my  experience  that  if  after  an  injection  the  temperature  rises 
only  slightly  and  is  still  raised  next  morning  it  would  be  fatal  to  give  another 
large  injection.  Also  if  the  temperature  rises  very  high,  from  41°  C.  to  42°  C;, 
and  the  general  reaction  is  intense  with  some  sweating,  another  injection  on 
the  next  day  is  contra-indicated.   In  such  cases  it  is  advisable  to  intermit  the 
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injections  and  begin  again  five  or  six  days  later,  when  the  series  may  be  given 
without  danger. 

Modification  of  Atnoss  (ind  Wollsteins  Method.  The  occurrence  of  fatahties 
and  other  considerations,  however,  had  led  me  to  try  modifications  of  the 
method  at  the  stage  when  the  horse  was  liable  to  develop  hyper-sensitiveness. 
It  had  frequently  been  observed  in  the  later  stages  of  immunisation  that  the 
third  dose  of  a  series  often  failed  to  excite  a  satisfactory  reaction,  and  the 
possibility  occurred  to  me  that  repeated  large  doses  might  in  some  cases  be 
having  the  efiect  of  neutralising  anti-endotoxin  already  formed  in  the  body 
instead  of  stimulating  its  further  production.  I  began  therefore  as  immuni- 
sation progressed  to  drop  out  one  of  the  three  doses  and  give  only  two, 
increasing  the  size  of  the  second  dose  beyond  that  which  I  would  have  given 
had  a  third  dose  been  contemplated.  Then  after  one  or  two  such  series  single 
large  weekly  doses  were  given  which  had  been  preceded  in  the  afternoon  of  the 
previous  day  by  a  preparatory  dose  equivalent  to  about  one-tenth  the  amount 
of  the  main  dose.  Thus,  there  was  gradual  concentration  of  dosage,  and  instead 
of  three  moderate  reactions  one  single  maxinmm  reaction  could  be  secured. 

The  plan  was  found  to  answer  well  and  no  horses  were  lost.  Two  series 
of  doses  are  presented  which  were  given  to  horses  whose  sera  were  passed 
for  therapeutic  use.  Horse  43  was  very  sensitive  and  reacted  well  to  every 
injection. 


Horse  35,     Type  I. 

Horse  43.     Type 

II. 

(Changed  from  Type  II.) 

ISeries  I. 

Scries  I. 

Nov. 

25. 
26. 

5  mgrm. 
5     „ 

Jan. 

30. 
31. 

10  mgrm. 
15     „ 

27. 

10     „ 

Feb. 

1. 

30     „ 

Scries  II, 

Series  II. 

Dec. 

5. 
6. 

7. 

10  mgrm. 
15     „ 

Feb. 

10. 
11. 
12. 

30  mgrm. 
40     „ 

80     .. 

Series  III 

Series  III 

Dec. 

16. 
17. 
18. 

25  mgrm. 
30     „ 
50     „ 

Feb. 

20. 
21. 
22. 

75  mgrm. 
100      „ 
150      „ 

Series  IV. 

Series  IV. 

Dec. 

27. 

50  mgrm. 

Mar. 

3. 

15  mgrm.  and  2  hours  later 

28. 

60      „      \ 

'ery 

strong 

reaction. 

135      „ 

3rd  dose  therefore  not 

given 

4. 

200      „ 

Series  V. 

Serie?  V. 

Jan. 

6. 

7. 
8. 

60  mgrm. 
80      „ 
110      „ 

Mar. 

11. 
12. 

35  mgrm.  at  4  p.m. 
350      „           11.  a.m. 

Series  VI, 

Series  VI. 

Jan. 

17. 

10  mgrm. 

and 

2  hours  later 

Mar. 

23. 

50  mgrm.  at  4  p.m. 

100      „ 

24. 

550      „             11a.m. 

18. 

150      „ 

Reaction  not  satisfactory 

H< 

[)RSK    l.'i.       TyIK    II. 

Scrips  VII. 

S( 

.Ian.  1*7. 

2")  ni^nn.  Jit  4  p.m. 

2S. 

2r)0       „           II  a.m. 

ScrioH  VIII. 

Fob.     (». 

45  m^rm.  at  4  ]».m. 

7. 

450       .,              11  a.m., 
HNict  ion 

strong 

12. 

Serum  sample  weakly 

aiiti-cndotoxic 

14. 

"'^"l   scrum  stroiielv 

anti-cndotoxic 

15. 

Bled ) 

17. 

Scrum  sample  weakly 

anti-endotoxic 

Series  IX. 

Feb.  24. 

50  m<:rm.  at  4  p.m. 

26. 

550      „            11a.m. 
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HoRHK  35.     Typk  I. 
(Changed  from  Type  II.) 
Series  VII. 

A[)nl    7.       50  mgrm.  at  4  p.m. 
S.     000      „  II  a.m. 

Scrum  approved  oti  tin-  .'{nl,  5th  and  6th 
days,  but  not  on  the  7tli,  J)th  and 
12th  days. 


Reaction  identical  with  that  following  Series  VIII 
Serum  on  7th  and  8th  days  not  approved. 

Horses  were  bled  after  the  450  mgrm.  and  again  after  the  550  or  600  mgrm. 
dose,  if  the  reactions  had  been  satisfactory.  A  good  febrile  and  general  reaction 
after  the  dose  preceding  the  bleeding  of  the  horse  was  regarded  as  important 
and  a  few  typical  temperature  reactions  are  reproduced  (Charts  I  and  II).  The 
first  curves  are  after  a  three-series  and  a  two-series  course  of  injections;  the 
other  two  followed  single  injections. 

During  the  course  of  the  w^ork  many  attempts  were  made  to  determine 
what  interval  of  time  should  follow  an  injection  before  bleeding  a  horse.  It 
was  hoped  that  information  on  this  point  might  be  obtained  by  taking  samples 
of  the  serum  at  frequent  intervals  after  an  injection  and  sending  them  to  be 
tested  by  Colonel  Gordon.  If  the  reports  on  the  early  samples  were  favourable 
the  horse  was  bled. 

The  results  were  very  conflicting  and  appeared  to  indicate  a  good  deal 
of  individual  variation.  Some  samples  were  reported  as  protective  on  the 
first,  second  or  third  days,  and  when  the  horse  was  bled  five  to  seven  days 
after  the  injection,  the  serum  was  found  not  to  be  protective.  Other  sera 
were  not  protective  during  the  first  few  days  but  were  reported  as  being  so 
later  on,  fifth  to  eighth  days.  Another  horse  w^ould  yield  a  protective  serum 
on  every  occasion  on  which  it  was  tested  during  the  first  eight  days. 

The  observations  made,  therefore,  do  not  enable  me  to  state  what  is  the 
best  day  for  bleeding  a  horse  after  an  injection.  Horses  were  bled  as  a  rule  on 
the  seventh  or  eighth  days,  and  these  are  probably  the  most  suitable  intervals. 

The  evidence  was  also  conflicting  in  regard  to  the  stage  of  immunisation 
when  a  protective  serum  might  be  expected.  As  the  sera  which  were  passed 
almost  invariably  came  from  horses  which  had  reacted  strongly  it  was  hoped 
that  intensity  of  reaction  might  be  used  as  an  index  when  to  bleed.  But  it 
was  found  that  of  two  horses,  comparable  in  respect  to  dosage,  reaction 
and  interval  after  injection,  the  serum  of  one  would  be  approved,  while  that 
of  the  other  would  be  rejected.   Also  a  horse  which  had  yielded  a  protective, 
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serum  on  one  occasion  would  on  the  next,  after  a  larger  dose,  yield  a  serum 
without  protective  property,  although  the  reactions  to  the  inoculations  on 
both  occasions  had  been  identical. 

The   explanation   of   these   irregular   results   may   perhaps   be   found   in 
individual  variation  in  the  time  and  duration  of  maximum  production  of 
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Chart  I.  Two  hours  before  the  first  dose  in  each  of  these  two  series  of  injections  a  desensitising 
dose  of  15  and  20  mgrm.  respectively  was  given. 

Horse  35. 
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Chart  II.   Each  vertical  space  in  the  charts  represents  an  interval  of  six  hours.  The  thick  vertical 
lines  mark  off  the  days. 
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anti-endotoxin.  Tn  some  immunised  horsc^s  the  curve  of  anti-endotoxin  may 
be  8teeple-sha])ed,  rising  to  its  maximum  on  difTerent  days  in  different  horses, 
and  this  may  be  the  result  wIhmi  the  immunisin<^  dose  is  insuffif'i(;nt  to  provoke 
a  strong:  reaction.  In  such  cases  it  woidd  be  a  matter  of  chance  vvh<;ther  the 
horse  was  bled  on  tlie  ri<^dit-  (hiy  or  not.  In  other  horses  the  anti-endotoxic 
curve  is  broad  and  protective  sera  may  be  obtained  on  several  occasions  from 
such  animals.  On  the  other  hand  the  test  for  anti-endotoxin  may  not  always 
give  consistent  results.  Some  experiments  are  described  in  a  subsequent 
section  which  show  that  the  mouse  varies  greatly  in  its  susceptibility  to  the 
meningococcus  toxin. 

For  these  reasons  I  have  not  drawn  any  final  conclusions  as  to  what  is 
the  best  method  of  injecting  horses  for  the  production  of  anti-meningococcus 
serum.  While  I  have  produced  sera  by  two  methods  which  have  given  satis- 
factory clinical  results,  the  modification  of  the  method  of  Amoss  and  Wollstein 
which  I  have  described  (p.  63)  appears  to  me  to  have  some  advantages  over  the 
original  from  the  point  of  view  of  safety  as  well  as  for  technical  reasons. 

Immunisation  of  horses  with  dried  cocci. 

At  Colonel  Gordon's  request  I  immunised  four  horses  with  dried  cocci, 
two  with  Type  I  and  two  with  Type  II,  according  to  a  scheme  of  dosage  pro- 
posed by  him. 

The  horses  were  under  treatment  for  a  period  of  about  three  months  and 
were  given  three  doses  weekly.  The  initial  dose  was  0-5  mgrm.  and  the  final 
12  mgrm.,  each  dose  being  repeated  before  the  next  higher  dose  was  adminis- 
tered. The  dried  cocci  had  no  bad  effect  upon  the  horses  and  the  reactions 
were  for  the  most  part  very  mild. 

Samples  of  the  serum  were  sent  to  Colonel  Gordon  to  be  tested.  No  anti- 
endotoxin  was  demonstrated  on  any  occasion  in  the  Type  II  horses.  The 
sera  of  the  Type  I  horses  were  reported  protective  on  the  first  and  third  days 
after  the  8-5  mgrm.  doses,  and  one  was  protective  on  the  third  day  after  the 
11-0  mgrm.  dose,  while  the  serum  of  the  other  was  not  protective  after  the 
12-0  mgrm.  dose. 

The  serum  of  the  first  of  the  Type  I  horses  was  put  up  for  trial  and  compari- 
son with  the  sera  produced  by  the  injection  of  the  living  coccus. 

Tests  of  the  potency  of  anti-meningococcus  serum. 

As  stated  above  the  routine  testing  of  the  sera  of  the  horses  was  done  at 
the  Central  Cerebro-spinal  Fever  Laboratory^. 

This  plan  was  adopted  not  only  because  it  was  impossible  for  me,  working 
single-handed  as  I  was,  to  carry  out  in  addition  to  the  detailed  work  of  pro- 
ducing the  serum  the  very  numerous  tests  which  were  requisite  in  the  investi- 
gation, but  also  because  the  method  of  test  was  then  in  the  experimental  stage. 

^  I  wish  here  to  thank  Colonel  Gordon  for  the  promptness  with  which  he  reported  on  the 
large  number  of  samples  submittefl  to  him. 
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Subsequently,  when  the  test  had  been  more  or  less  standardised,  I  was  able 
to  do  a  few  tests  for  which  Colonel  Gordon  kindly  supplied  me  with  some 
dried  cocci.  The  sera  chosen  for  testing  were  those  which  had  already  been 
passed  by  Colonel  Gordon. 

The  mode  of  preparation  of  the  toxin  was  as  described  in  the  British 
Medical  Journal  (he.  cit.)  except  that  an  ordinary  instead  of  an  agate  mortar 
was  used  to  grind  up  the  cocci  and  the  toxin  and  serum  were  incubated  for  half- 
an-hour  in  small  test  tubes  instead  of  in  watch  glasses. 

In  a  prehminary  experiment  the  toxicity  of  the  Type  II  toxin  was  tested. 
Two  mice  each  received  0-1  mgrm.  and  two  mice  each  received  0-2  mgrm.  of 
the  toxin.   All  remained  well. 

In  the  next  experiment  the  same  toxin  was  used  but  the  dose  was  increased 
to  0-25  mgrm.  Of  two  control  mice,  one  died  in  thirty-six  hours,  the  other 
survived.  Tw^o  mice  to  which  toxin  +  anti-meningococcus  serum  had  been 
administered  remained  well,  while  a  third  died  within  twenty-four  hours. 

In  a  third  experiment  fresh  Type  II  toxin  was  used,  and  the  dose  was 
0-2  mgrm.  The  two  controls  died  within  forty-eight  hours,  while  of  four  mice 
receiving  toxin  -f  anti-meningococcus  serum  three  died  and  one  remained 
unaffected.  In  a  fourth  experiment  with  Type  II  toxin  the  dose  was  0-15  mgrm. 
(two  controls  received  this  dose  and  a  third  received  0-2  mgrm.).  The  three 
control  mice  lived  and  of  eight  receiving  an ti-meni ngococcus  serum  +  0-15  mgrm . 
of  toxin  seven  remained  well  and  one  died. 

The  next  three  experiments  were  with  Type  I  toxin.  In  the  first  toxin 
only  was  injected,  four  mice  receiving  0-1  mgrm.  and  five  mice  0-15  mgrm. 
Of  the  four  two  died  and  two  survived ;  of  the  five  three  died  and  two  survived. 

In  the  next  experiment  there  were  six  controls,  two  of  which  received 
0-1  mgrm.,  tw^o  0-15  mgrm.  and  two  0-2  mgrm.  The  second  pair  and  one  out 
of  each  of  the  other  pairs  survived,  the  remaining  two  dying  within  twenty- 
four  hours.  Three  mice  received  toxin  -f  anti-meningococcus  serum,  the 
dose  of  toxin  for  each  mouse  being  0-2  mgrm. ;  of  these  two  survived  and 
one  died,  i.e.,  there  was  exactly  the  same  proportion  of  survivors  among  the 
serum  treated  mice  as  among  the  controls.  In  a  third  experiment  with  Type  I 
toxin  three  samples  of  anti-meningococcus  serum  from  the  same  horse, 
taken  on  different  days  after  an  injection,  were  tested;  one  of  these  sera  had 
failed  to  pass  Colonel  Gordon's  test.  For  each  sample  three  mice  were  used; 
there  w^ere  three  controls;  the  dose  of  toxin  for  each  mouse  was  0-15  mgrm. 
Of  the  three  controls  two  w^ere  dead  on  the  next  day  and  one  survived.  The 
same  result  was  obtained  with  one  serum  sample.  From  each  of  the  other 
two  sets  (including  the  one  inoculated  with  the  rejected  serum)  one  mouse 
was  dead  within  two  days  and  the  other  two  survived. 

It  is  interesting  to  point  out  that,  after  ehminating  Experiment  4  where 
the  dose  of  toxin  was  insufficient,  the  percentage  of  mice  which  survived  the 
inoculation  of  toxin  and  normal  serum  is  practically  identical  with  that  for 
mice  receiving  toxin  and  anti-meningococcus  serum. 
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Two  experiments  were  carried  out  with  living  meninpfococci  from  eifrhteen- 
hour  old  cultures  on  glucose  a^ar.  I  n  tlie  linst  experiment  four  mice  were  used, 
and  the  dose  was  10  rn<j:rni.  of  a  Typ^  ^^  coccus.  The  two  controls  remained 
well,  while  the  two  niice  receivinf;  a.nti-m(Miin<^ococcus  s(*rum  died  witliin 
twenty-four  hours. 

The  second  experi incut  was  with  a  Type  I  coccus  and  the  dost;  for  each 
mouse  was  15  in<:rni.  There  were  eifi^ht  controls  and  ei^ht  inoculated  with 
Type  1  serum.  Of  the  ei^ht  controls  seven  died  within  two  days  and  one 
survived.  Of  the  eight  serum  treated  mice  five  died  within  three  days  and 
three  survived.  Here  the  evidence  was  in  favour  of  the  presence  of  protective 
bodies  in  the  serum.  But  if  the  figures  of  the  two  experiments  with  living 
cocci  are  combined  it  is  found  that,  as  in  the  experiments  with  endotoxin, 
the  percentage  of  mice  which  survived  the  injection  of  culture  only  is  the  same 
as  that  for  the  serum  treated  mice. 

The  results  of  these  tests,  therefore,  are  not  in  agreement  with  those 
obtained  by  Colonel  Gordon  with  the  same  sera,  but  the  experiments  are 
too  few  in  number  from  which  to  draw  final  conclusions  as  to  the  value  of 
the  test  for  estimating  the  anti-endotoxic  potency  of  anti-meningococcus 
serum. 
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CARRIAGE  OF  COLIFORM  BACILLI  BY  THE  ORIENTAL 
HORNET  (VESPA  ORI  EN  TALIS  FABR.). 

By  p.  a.  BUXTON,  M.A.,  F.E.S.,  M.R.C.S. 

Fellow  of  Trinity  College,  Cambridge. 

The  large  red  Oriental  Hornet  (Vespa  orientalis  Fabr.)  must  be  extremely 
familiar  to  all  who  served  in  Mesopotamia.  The  Rev.  F.  D.  Morice,  who  has 
been  good  enough  to  identify  my  specimens,  tells  me  that  it  can  barely  be 
distinguished  from  Vespa  crabro  L.,  the  European  hornet,  except  by  its 
colour.  It  is  widely  distributed  in  the  Mediterranean  countries  up  to  lat. 
47°  N.  and  occurs  S.  bo  Abyssinia  and  Madagascar,  E.  to  India,  and  also  as 
an  introduced  species  in  certain  parts  of  S.  America. 

In  Mesopotamia  the  nests  are  made  in  hollows  in  mud  walls,  under  old 
roofs,  in  the  brick  sides  of  wells  and  similar  situations.  The  hybernated 
females  appear  in  the  early  spring,  and  workers  are  first  seen  in  mid- June. 
During  August,  September  and  October  they  are  exceedingly  abundant  and 
sometimes  conceal  from  view  the  joints  of  meat  on  which  they  are  feeding 
in  the  butchers'  shops.  They  also  devour  all  sorts  of  fruit,  particularly  fresh 
dates  in  the  bazaars.  It  is  a  matter  of  common  knowledge  that  this  insect 
feeds  on  all  forms  of  household  refuse,  especially  faeces  of  men  and  animals, 
and  the  dried  carcases  that  one  finds  so  frequently  on  the  edge  of  Arab  towns. 
I  once  observed  hundreds  of  workers  gorging  themselves  at  a  stream  of  blood 
and  putrid  offal  which  oozed  from  beneath  the  door  of  the  Jewish  slaughter 
house  in  Baghdad;  this  was  in  September  1917. 

Graham  Smith  (1916,  p.  504)  has  recorded  visits  of  common  wasps  to  traps 
baited  with  human  faeces  in  Cambridge.  I  know  of  no  other  reference  to  this 
habit  of  the  wasp. 

During  the  summer  and  autumn  of  1918,  while  I  was  serving  in  the  Central 
Laboratory,  Amara,  Mesopotamia,  I  devoted  a  little  time  to  examining  the 
bacteria  carried  by  this  foul-feeder.  I  microscopically  examined  the  contents 
of  the  gut  of  58  workers,  and  prepared  plate  cultures  from  64  on  MacConkey's 
bile  salt-litmus-lactose  medium,  with  the  following  results. 

Dissections.  I  began  the  series  of  dissections  expecting  to  find  cysts  of 
intestinal  protozoa,  and  eggs  of  intestinal  worms,  just  as  one  finds  them  in 
the  house-fly.  My  method  was  to  examine  the  gut  contents  after  treatment 
with  iodine.  It  soon  became  apparent  that  the  digestive  processes  of  the 
hornet  are  rapid  and  complete.  If  a  hornet  is  fed  experimentally  on  human 
faeces,  and  dissected  an  hour  after  feeding,  nothing  recognizable  as  faeces 
can  be  found  in  the  gut.  The  58  wild-caught  hornets  I  examined  were  from 
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alau^^htor  houses  and  hutchers'  shops,  diirTips  of  liousehold  roiuse,  fruit  stalls, 
and  the  sides  of  the  porous  clay  water-coolers  known  in  Arabic  as  "hah." 
The  hornets  were  killed  afc  once  hut  'M  of  them  contained  no  solid  matter  of 
anv  sort  in  the  <^ut,  20  contained  debris  and  four  "apparent  faeces."  1  have 
already  discussed  the  points  which  lead  one  to  conclude  that  any  given 
material  in  the  gut  of  the  house-fly  is  human  faeces  (see  Buxton,  1920). 
I  found  no  eggs  of  parasitic  worms  or  cysts  of  protozoa  in  the  "apparent 
faeces"  on  these  four  hornets.  One  of  the  four  was  eating  dates  in  a  fruit 
stall,  the  three  others  on  different  days  drinking  water  from  the  outside  of 
a  water  cooler  in  the  billet  of  the  Assistant  Director  of  Medical  Services. 
The  material  recorded  as  debris  consisted  for  the  most  part  of  fine  grit,  which 
I  presumed  to  be  dust,  accidentally  ingested  with  the  food.  The  result  of  the 
dissections  was  therefore  as  follows: 

No.  of  workers  dissected   ...         ...         ...         ...  ...  ...  58 

No.  of  guts  containing  no  solid  matter  ...         ...  ...  ..^  34 

No.  of  guts  containing  debris,  mostly  mineral  ...  ...  ...  20 

No.  of  guts  containing  "apparent  faeces"         ...  ...  ...  4 

Platings.  The  rapidity  of  the  hornets'  digestive  processes  seemed  to  indicate 
that  any  results  obtained  from  dissection  would  be  misleading,  because  only 
a  few^  of  these  workers  which  had  been  feeding  on  faeces  would  be  found  to 
contain  material  which  could  be  recognized  microscopically  as  faeces.  The 
series  of  workers  whose  organs  were  plated  shows  that  this  was  the  case  and 
that  the  hornets  were  much  more  frequently  infected  with  intestinal  bacteria 
than  one  would  have  guessed  from  the  dissections  alone.  Hornets  for  plating 
were  collected  in  a  sterile  tube  and  carried  in  a  wet  towel  to  the  laboratory 
in  order  to  keep  them  cool;  they  always  arrived  alive.  As  is  very  well  known 
(Buxton,  1914;  Latter,  1913),  Hymenoptera  die  quickly  in  hot  weather  if 
they  are  confined  in  a  tube  or  small  box.  The  insects  were  dissected  with 
aseptic  precautions.  In  the  case  of  the  first  dozen  insects  the  mouth-parts, 
legs,  wings  and  various  parts  of  the  gut  were  plated  separately  on  MacConkey's 
medium.  I  found  that  if  a  hornet  was  carrying  coliform  organisms  at  all, 
I  could  generally  recover  them  from  all  parts  of  the  body  within  and  without. 
Subsequently  I  merely  broke  up  the  insects  in  sterile  broth  and  plated  a 
loopful  of  the  fluid  on  MacConkey's  medium.  A  very  great  number  of  species 
of  bacteria  frequently  grew  in  spite  of  the  bile-salts  present  in  the  medium. 
Agar  subcultures  of  suspicious  colonies  were  tested  with  such  sugars  as  were 
available,  and  the  motility  of  the  organism  and  its  reaction  to  litmus  milk 
and  Gram's  stain  noted. 

The  Table  (p.  70)  shows  the  coliform  bacilli  in  three  groups.  Group  a, 
lactose-fractors  of  uncommon  types,  each  of  which  was  isolated  once  only,  the 
first  two  from  the  same  hornet.  I  do  not  regard  the  recovery  of  these  bacteria 
as  evidence  of  faecal  contamination.  Group  6,  common  lactose-fractors. 
Each  species  was  found  a  number  of  times,  often  two  species  in  one  hornet. 
Of  G4  hornets  plated  23  were  found  to  be  infected  with  one  or  more  of  these 
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cuiuinon  intestinal  organisms,  which  were  generally  present  in  immense 
numbers  when  present  at  all.  I  tested  more  than  half  the  bacilli  in  this  group 
not  only  with  the  five  sugars  mentioned  in  the  Table  but  also  with  dextrin, 
maltose,  salicin,  litmus  milk  and  the  Voges  Proskauer  reaction.  All  those 
tested  agreed  in  every  particular  with  the  well-known  inhabitants  of  the 
intestine  with  which  I  have  identified  them.  Group  c,  an  organism  which 
gave  the  cultural  reactions  of  Shiga's  bacillus,  was  found  on  three  of  the 
64  hornets:  from  one  of  these  individuals  1  also  isolated  what  appeared  to 
be  Morgan's  No.  1  bacillus,  and  a  fourth  hornet  yielded  Morgan's  bacillus 
without  the  Shiga-like  organism.  These  non-fermenters  of  lactose  occurred 

Table  showing  various  species  of  colijorm  bacteria  isolated  frorn  Oriental  Hornets 
at  Arnara,  Mesopotamia,  in  the  summer  o/  1918. 

Number 

of  OCCUl'- 

(iroup 


Number 
of  occur- 
rences 

Litmus  broth 

Motility 

Lactose 

Glucose 

Dulcite 

Mannite 

Saccharose 

Name 

i; 

AQ 

AG 

0 

0 

AG 

? 

?          ♦ 

AG 

AG 

0 

AG 

0 

+ 

B.  grunthali  * 

!  1 

AG 

AG 

0 

AG 

AG 

+ 

B.  cloacae  * 

'  e> 

AG 

AG 

AG 

AG 

0 

+ 

B.  coli  communis 

8 

AG 

AG 

AG 

AG 

AG 

+ 

B.  coli  communior 

^11 

AG 

AG 

0 

AG 

AG 

- 

B.  lactis  aerogenes 

.  3 

AG 

AG 

0 

AG 

0 

- 

B.  acidi  lactici 

J  ^ 

0 

A 

0 

0 

0 

- 

B.  dysenteriae  (Shiga) 

12 

0 

AG 

0 

0 

0 

+ 

Morgan's  No.  1  bacillus 

*  These  three  organisms  were  not  investigated  in  detail.  The  last  two  agree  with  B.  grunthali 
and  B.  cloaca"  as  far  as  sugars  are  concerned.  They  may  or  may  not  have  been  derived  from  faeces; 
for  the  purpose  of  the  present  paper,  which  proves  that  Vespa  orientalis  is  a  carrier  of  faecal 
organisms,  it  is  immaterial  whether  they  were  or  were  not ! 

sparingly  among  rich  grow^ths  of  one  or  other  of  the  organisms  of  Group  6. 
Capt.  G.  Shanks,  I. M.S.,  was  so  kind  as  to  test  the  three  organisms  which 
had  the  cultural  characters  of  Shiga's  bacillus,  with  specific  agglutinating 
serum:  none  of  them  were  agglutinated  except  at  insignificantly  low  diluta- 
tions.  We  had  no  specific  serum  with  which  to  test  Morgan's  bacillus  on  the 
two  occasions  on  which  we  isolated  it.  In  spite  of  this  I  think  these  platings 
give  us  undeniable  proof  of  the  carriage  of  bacteria  derived  from  faeces  by 
these  hornets.  Had  I  only  found  a  single  type  of  coliform  bacillus  giving, 
let  us  say  the  familiar  sugar  reactions  of  B.  coli  communis,  it  might  easily 
have  been  explained  by  supposing  that  these  hornets  normally  harboured 
a  "coli-like"  organism  w^hich  was  not  faecal  in  origin,  but  could  not  be 
distinguished  from  B.  c.  communis  by  any  of  the  tests  applied.  Such  an  explana- 
tion does  not  meet  the  case  we  are  considering.  In  these  hornets  which  are 
known  devourers  of  human  faeces,  four  types  of  bacilli  are  commonly  found: 
these  agree  in  every  criterion  which  can  be  applied  with  the  common  faecal 
organisms  Bacillus  coli  communis,  B.  c.  communior,  B.  lactis  aerogenes  and 
B.  acidi  lactici:  among  these  lactose-fractors  we  find  much  more  rarely 
organisms  resembling  Shiga's  bacillus  and  Morgan's  No.  1  bacillus,  and  these 
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orfjnnlsnis  never  occur  cxce])t  alonj^  with  tlie  lacto.se-fermeuters.  We  may 
tliercfore  safely  assiiine  that  wo  liave  been  correct  in  our  identification  of 
these  bacilli,  and  that  at  any  rate  tlie  majority  of  tliem  were  derived  from 
faeces. 

The  relative  frecjuency  of  the  orj^anisms  in  Clroiip  h  attracted  my  attention. 
As  previously  stated  I  isolated  B.  coli  communis  six  times,  B.  c.  communior 
ei«^ht  times,  B.  lactis  aerogenes  eleven  times,  and  B.  acidi  laclici  thrice.  'Flic 
commonness  of  B.  lactis  aerogenes  may  be  due  to  its  being  able  to  withstand 
some  unfavourable  condition  in  or  on  the  hornet  for  a  longer  period  than 
tlie  other  types  can.  It  was  suggested  to  me  that  the  sugar  reactions  of 
these  bacilli  might  change  while  they  are  in  the  hornet's  gut:  I  know  no 
shadow  of  evidence  which  might  support  this  view.  I  subcultured  a  number 
of  these  Group  b  organisms  daily  for  15-20  days,  but  their  sugar  reactions 
remained  unchanged. 

The  result  of  the  platings  was  therefore  as  follows : 

No.  of  hornet  workers  examined  ...         ...         ...         ...         64 

No.  from  which  coliforms  were  isolated  ...         ...         ...         23 

No.  from  which  pathogenic  coliforms  were  isolated     ...         ...  4 

(viz.,  Shiga  twice,  Morgan  once,  Shiga  and  Morgan  once). 

Conclusion.  The  Oriental  Hornet  (Vespa  orientalis  Fabr.)  frequents  piles 
of  domestic  refuse  and  human  faeces,  also  fruit  shops.  It  appears  to  digest 
what  it  eats  rapidly,  so  that  microscopic  examination  of  the  gut  contents 
does  not  give  us  a  correct  idea  of  the  very  high  degree  to  which  it  is  con- 
taminated. Sixty-four  workers  were  plated;  of  these  twenty-three  were 
carrying  well-known  types  of  intestinal  bacteria.  I  state  that  these  bacteria 
were  faecal,  not  that  they  resembled  well-known  faecal  organisms  for  these 
reasons:  they  agreed  in  every  test  with  the  species  with  which  I  have  identified 
them;  the  lactose-fermenters  were  common,  and  those  which  did  not  ferment 
lactose  were  rarer,  and  occurring  always  among  the  lactose-fermenters. 

On  the  whole  I  concluded  that  the  individual  hornet  is  probably  nearly  as 
heavily  infected  with  pathogenic  coliform  organisms  as  the  individual  house- 
fly; it  is  however  not  so  exceedingly  common  as  that  insect,  and  it  rarely 
enters  mess-rooms  and  kitchens.  As  a  spreader  of  infectious  disorders  of  the 
bowel  it  is  probably  of  very  slight  practical  importance.  It  wdll  be  time 
enough  to  open  a  campaign  against  the  hornet  when  the  spring  and  autumn 
fly-plague  in  the  Arab  towns  is  a  thing  of  the  past. 
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ON  DEFENSE  RUPTURE  AND  THE  ANTAGONISTIC 

ACTION  OF  SALTS 

By  C.  shearer,  F.R.S. 

In  a  recent  number  of  this  Journal^,  I  have  pointed  out  that  the  well-known 
antagonistic  action  of  Ca  to  Na,  was  probably  at  the  bottom  of  the  peculiar 
"defense  rupture"  action  of  Ca,  as  described  by  Bullock  and  Cramer^,  in 
relation  to  infection  with  the  organisms  of  gas  gangrene. 

In  the  preceding  number  of  this  Journal,  Cramer  and  Gye^  give  some  addi- 
tional experiments,  which  they  claim  demonstrate  that  the  matter  is  not  so 
straightforward  and  simple. 

In  these  new  experiments  it  is  shown  that  if  the  gas  gangrene  organisms 
or  their  spores  are  washed  in  Ringer's  solution  instead  of  NaCl,  they  are  unable 
to  kill  the  mice  into  which  they  are  injected.  Obviously  here  it  is  not  a  question 
of  the  unbalanced  action  of  the  Na  playing  a  part  in  the  question. 

It  is  now  clear  from  these  experiments  and  also  from  other  results  obtained 
by  Cramer  and  Gye,  published  since  the  appearance  of  my  original  paper, 
that  these  authors  are  dealing  with  a  much  more  complicated  series  of  events 
than  at  first  seemed  apparent.  Two  widely  different  salt  actions  enter  into 
the  problem. 

First,  the  antagonistic  action  of  Ca-ions  to  the  Na-ions  on  the  bacteria, 
such  as  I  have  described  in  my  paper.  Secondly,  a  defense  rupture  action  as 
these  authors  call  it,  of  the  Ca-ions  and  numerous  other  poisonous  substances 
on  the  tissues  of  the  animals,  in  the  absence  of  which  the  gas  gangrene 
organisms  are  wholly  unable  to  set  up  infection  in  the  animals  into  which 
they  are  inoculated. 

If  the  emulsions  of  gas  gangrene  organisms  employed  are  free  from  spores, 
the  effect  will  be  as  I  have  described  in  my  experiments  with  B.  anthracis.  The 
bacteria  will  be  killed  by  the  NaCl  or  their  powers  of  resistance  so  lowered 
that  the  leucocytes  soon  get  rid  of  them  when  they  are  injected  into  the  animal. 
If  a  little  Ca  is  added  to  the  emulsion  just  before  injection,  and  the  action  of 
the  NaCl  has  not  been  too  prolonged,  the  bacteria  will  recover  their  normal 
condition,  and  as  the  Ca  also  devitalizes  the  tissues  of  the  animal  at  the  point 
of  injection,  infection  will  occur.   On  the  other  hand  if  the  action  of  the  NaCl 

^  Shearer  (1919),  Journ.  Hyg.  xvni.  337. 

2  Bullock  and  Cramer  (1919),  Proc.  Roy.  Soc.  Ser.  B.  xc.  513. 

^  Cramer  and  Gye  (1920),  Journ.  Hyg.  xviii.  463. 


C.  SlIKARKR  73 

on  the  bacteria  has  been  too  prolont^cd,  then  the  addition  of  the  Ca  will  not 
produce  infection,  as  the  bacteria  will  be  either  dead  or  so  far  injured  by  the 
NaCl  as  to  be  passed  restoration. 

If  spores  are  ])resent  these  will  be  able  to  resist  the  action  of  the  NaCl 
in  virtue  of  their  peculiar  structure,  the  addition  of  Ca  will  bring  about 
defense  ru])ture  action,  and  it  will  not  matter  much  if  the  Ca  is  injected  into 
the  iniiuial  at  the  same  time  as  the  spores  or  much  later,  as  the  spores  can 
probably  remain  alive  in  the  body  for  long  periods.  The  proper  conditions 
are  prepared  for  their  development  through  the  injection  of  Ca  or  any  other 
injurious  substance  that  will  produce  defense  rupture. 

1  have  shown  in  conjunction  with  Crowe ^,  that  the  meningococcus  can 
be  taken  up  by  leucocytes,  but  that  if  these  are  crushed  up  seven  or  eight 
hours  later  and  the  bacteria  liberated  once  more,  they  are  still  capable  of 
growth  and  reproduction.  Leucocytes  can  take  up  bacteria  without  being 
able  in  all  cases  to  kill  and  immediately  digest  them.  In  the  light  of  this  fact, 
we  may  conclude  that  spores  with  their  impervious^  cell  walls  survive  the 
attack  of  the  leucocytes  and  their  digestive  ferments  for  a  much  longer  period 
than  vegetative  forms  of  bacteria.  Their  small  size  moreover  allows  of  their 
being  readily  transported  to  all  parts  of  the  body.  We  can  understand  how 
they  may  set  up  an  infection  at  a  point  where  the  Ca  is  injected  into  the 
animal  ten  days  after  this  animal  had  received  the  spores  themselves. 

The  difficulty  of  getting  a  clear  grasp  of  the  relationships  of  this  problem 
of  infection  to  the  gas  gangrene  organisms  in  all  its  aspects,  it  seems  to  me  is 
greatly  increased  in  attempting  to  work  it  out  using  spores  and  vegetative 
forms  of  bacteria  together.  If  either  are  used  alone  more  progress  could  be  made 
with  its  solution.  In  this  work  of  Cramer  and  Gye,  it  seems  to  be  forgotten 
that  Ca  after  all  is  a  violent  local  poison  to  the  tissue  cells  of  most  animals. 
It  is  possible  to  produce  abscess  formation  in  many  animals  with  considerable 
rapidity  by  the  injection  of  weak  solutions  of  CaClg  in  the  complete  absence  of 
any  specific  germs.  Moreover  these  authors  seem  to  have  surrounded  the  whole 
question  of  the  defense  rupture  action  of  Ca  on  the  tissues  with  a  certain 
degree  of  mystery  that  is  much  to  be  regretted;  resolved  into  its  component 
factors  the  problem  is  clear  and  straightforward. 

I  have  shown  that  the  lethal  action  of  Ca  on  the  cell  is  irreversible  and 
signifies  the  commencing  death  of  the  cell.  The  action  of  NaCl  on  the  other 
hand  is  reversible  within  quite  wide  limits.  The  death  of  the  cell  in  this  case 
takes  place  very  slowly  and  is  due  to  the  diffusion  of  the  salts  from  the  cell; 
as  the  cell  wall  after  treatment  with  a  weak  but  pure  solution  of  NaCl 
immediately  becomes  permeable  to  the  free  ions  in  the  cell.    It  is  the  loss  of 

^  Shearer  and  Crowe  (1917),  Pror.  Roy.  Soc.  Ser.  B.  Lxxxix.  440. 

2  As  illustrating  the  impermeable  character  of  the  spore  wall,  it  is  worth  recalling  Buchner's 
early  observation,  where  he  claimed  to  have  germinated  the  spores  of  B.  subtilis  after  these  bad 
been  treated  with  concentrated  sulphuric  acid.  (See  Buchner,  "Uel)er  das  Verhalten  der  Spalt- 
pilzsporen  gegen  Anilinfarbstofife,"  Acrtzlich.  intdliytnzbl.  1884.) 
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these  salts  from  the  cell,  that  brings  its  life  to  an  end^  If  this  diffusion 
is  stopped  by  transferring  the  cell  to  a  balanced  solution  or  by  the  addition 
of  a  little  Ca  to  NaCl,  then  the  cell  recovers  its  normal  condition,  if  its  loss 
of  salts  has  not  been  too  great.  In  distinction  to  this  action  that  of  Ca  is 
final  once  it  has  commenced  and  no  recovery  is  possible'*^. 

^  Since  my  paper  appeared,  a  clear  demonstration  of  this  effect  has  been  described  by  Gray 
(Journ.  Physiol.  1920,  Liii.  p.  308)  in  the  trout  egg.  Injury  of  the  ceil  membrane,  whether 
mechanical  or  through  the  poisonous  action  of  salts,  immediately  renders  this  membrane  perme- 
able to  the  contained  electrolytes  of  the  cell,  and  the  loss  of  these  brings  about  the  precipitation 
of  the  globulins  of  the  egg  with  death ;  during  life  these  are  held  in  solution  by  the  contained 
neutral  salts. 

2  The  i-ecent  work  of  Brooks  {Journ.  Gen.  Physiol.  1918-20)  on  the  effect  of  different  electro- 
lytes on  the  resi)iration  of  B.  subtilis  has  shown  that  the  action  of  NaCl  and  CaCl  in  affecting 
respiration  is  very  similar  to  that  demonstrated  by  the  conductivity  method  as  described  in  my 
paper. 
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RE1H)I^T  OF  F.XPEIMMENTS  ON  THE  COLD 
STORAGE  OK  HKIJIMNGS  GAIMIIKI)  OUT  AT 
NORTH    SHIELDS   (JUNE  AND  JULY,   1919) 

By  IONE  H.  (iKEEN. 
{From  Food  Investigation  Board,  Scientific  and  Industrial  Research  Department.) 

The  following  experiments  form  part  of  the  general  scheme  of  research  under- 
taken with  the  object  of  providing  a  sound  scientific  basis  for  methods  of 
fish  preservation  and  storage. 

The  bacteriological  part  of  the  investigation  was  first  undertaken  by  the 
author  a  year  ago  and  the  time  has  been  spent  in  endeavouring  to  become 
acquainted  with  the  peculiarities  and  characteristics  of  herring  bacteria.  There 
is  still  a  large  amount  of  work  to  be  done  in  this  field  before  practical  experi- 
ments on  a  large  scale  can  be  carried  out  to  yield  really  satisfactory  results. 

This  spring,  however,  the  large  cold  store  at  North  Shields  was  put  at  the 
disposal  of  the  Food  Investigation  Board,  and  it  was  determined  to  carry 
out  a  few  preliminary  experiments  there. 

A  store  designed  for  commercial  use  in  the  height  of  the  herring  season 
does  not  lend  itself  to  exact  bacteriological  investigations.  The  following  report 
therefore  must  be  considered  as  dealing  with  a  preliminary  survey  of  a  field 
to  be  explored  more  thoroughly  later. 

SERIES  I.    DRY-FREEZING  AS  COMPARED  WITH  BRINE-FREEZING. 

On  June  16th  at  about  6  a.m.  a  large  number  of  herrings  were  trawled 
14  miles  E.  by  N.  of  North  Shields.  They  were  of  various  sizes,  but  mostly 
small  and  apparently  underfed,  the  result  being  that  w^hether  gutted  or 
ungutted  their  keeping  qualities  were  inferior :  all  damaged  fish  w^ere  discarded. 
The  herrings  under  experiment  were  divided  into  two  lots,  one  lot  being 
gutted  and  the  other  not.  At  about  11.30  a.m.  (8-5  hours  after  capture)  half 
of  the  gutted  and  ungutted  fish  were  put  into  dry  cold-storage,  being  piled 
up  on  trays,  at  a  temperature  of  18°  F.  At  the  same  time  the  others  were  put 
into  a  brine  bath  at  10°  F.  for  1-5  hours.  The  gutted  fish^  were  kept  separate 
from  the  ungutted  by  means  of  a  partition  dividing  the  large  iron  basket  in 
which  they  were  placed.  After  1-5  hours  they  were  taken  out  and  put  into 
cold  storage  with  the  others.  Twenty-four  hours  later,  about  ten  specimens 

1  Compare  with  Gardiner  and  Nuttall  (19.  i.  1918):  Frozen  Fish,  Dry  Freezing,  Brine  Freezing, 
Fish  Trades  Gazette,  London. 
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from  each  lot  were  removed  and  placed  in  trays  covered  over  as  protection 
from  the  dust  and  left  for  another  24  hours  at  G0°-65°  F.  They  were  put  where 
the  sun  could  not  shine  directly  on  them.  Both  dry-  and  brine-frozen  herrings 
were  frozen  stiff  when  taken  out  of  store. 

Observations. 

(a)  Physical  examination.  After  24  hours  a  few  of  the  gutted  and  ungutted 
specimens  were  taken  from  the  dry-  and  brine-frozen  lots  and  the  internal 
and  external  appearances  very  carefully  compared.  Each  day  up  to  the  fourth 
or  fifth  day  they  had  been  exposed  to  ordinary  temperature.  The  differences 
were  very  marked  in  every  way,  the  brine-frozen  being  much  superior  in 
appearance  and  keeping  qualities.  The  flesh  of  the  brine-frozen  specimens  was 
firm  and  white  after  four  days  and  still  entirely  inoffensive  in  smell.  The  flesh  of 
the  dry-frozen  on  the  other  hand  was  soft,  much  greyer  in  colour  and  after 
four  days  at  the  same  temperature  had  a  very  distinct  putrefactive  smell ^. 

(6)  Bacteriological  examination.  Several  Petri  dishes  of  fish  agar  were 
inoculated  with  slime  from  the  gills  of  the  dry-  and  brine-frozen  herrings  after 
they  had  been  24  hours  at  ordinary  temperatures.  On  examining  and  com- 
paring these  plates  after  two  or  three  days'  incubation,  it  was  found  that  in 
nearly  every  case  the  plates  from  the  brine-frozen  fish  showed  very  much  less 
growth  and  fewer  kinds  of  colonies  than  the  dry-frozen  ones^. 

This  result  suggests  that  either  the  bacteria  are  destroyed  in  larger  numbers 
by  the  brine  method  of  freezing  owing  to  the  lower  temperature  and  the  more 
rapid  freezing  of  the  tissues,  or  that  the  temperature  used  in  the  dry-freezing 
process  was  too  high  to  entirely  prohibit  the  slow  growth  of  the  bacteria 
and  consequently  putrefaction.  Unfortunately  the  cold  store  was  in  poor 
running  order  at  the  time  and  it  was  impossible  to  carry  out  any  experiments 
at  a  lower  temperature  than  18°  F.  whilst  the  store  was  often  as  high  as  20°- 
25°  and  could  never  be  entirely  relied  upon. 

Taking  everything  into  account,  however,  it  seems  there  is  little  doubt 
that  the  brine  method  is  the  best  and  most  satisfactory,  provided  the  brine 
tank  is  kept  clean  and  well  filtered.  The  longer  the  herrings  are  kept  in  it  the 
better,  up  to  four  or  five  hours,  so  long  as  the  temperature  of  the  brine  is 
never  allowed  to  rise  above  10°  F. 

1  It  should  be  mentioned  that  the  brine  used  in  the  tank  for  all  these  experiments  was  made 
from  fishery  salt  with  the  addition  of  1-5  %  caustic  soda  and  its  freezing  point  was  9°  F. 

2  A  fuller  account  of  the  numerous  kinds  of  bacteria  isolated  from  "dry-stored"  and  brine- 
frozen  herrings  will  be  given  later  when  more  work  has  been  done  upon  them.  At  present  it  will 
suffice  to  mention  that  the  bacteria  obtained  belonged  chiefly  to  the  Proteus,  B.  coli,  Sarcina, 
and  Phosphorescent  Groups.  The  Proteus  Group  and  Phosphorescent  forms  were  the  most  prevalent 
on  the  whole. 
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SERIES  II.     R.\(TKKI()L()(;irAL  K\ AM1X;VIM()\  AM)  COMPARISON  OF 
HEHHINdS  BKINE-KKOZEN,   DllY-KPvOZEX,  AM)  FllKSH. 

Sam])los  of  brine-  and  dry-frozen  fish  were  broiij^lit  out  of  store  and  placed 
on  trays  with  an  ecjual  nuin])er  of  perfectly  fresli  herrin«rs  strai^^ht  from  the 
drifter.  These  were  left  away  from  the  sun  and  wind  at  a  temperature  of 
about  00°  F.  for  two  or  three  days  and  then  bacteriological  samples  were 
taken  from  them  and  inoculated  into  fish  broth. 

Observations. 

(a)    Brine-frozen  herrings  produced  the  least  amount  of  bacterial  growth. 

(6)    Dry-frozen  herrings  produced  by  far  the  greatest  amount  of  growth. 

This  experiment,  like  the  first,  show^s  that  bacteria  do  continue  to  multiply 
at  a  temperature  of  18°-20°  F.,  whereas  the  brine-freezing  method  not  only 
inhibits  growth  but  kills  many  of  the  forms  of  bacteria  present  before  they 
have  time  to  spore. 


SERIES  in.  APPEARANCE  AND  KEEPING  QUALITIES  OF  HERRINGS  GUTTED 
BEFORE  AND  AFTER  BRINE-FREEZING  AND  LEFT  UNGUTTED. 

Having  shown  that  under  the  above  conditions  brine-freezing  is  the  most 
satisfactory,  the  following  experiments  were  carried  out  using  this  method 
only.  Several  gutting  experiments  were  made  during  the  next  three  weeks 
under  the  following  headings: 

A.  Comparison  (physical  and  bacteriological)  of  frozen  herrings  gutted 
before  freezing  and  left  ungutted. 

B.  Comparison  (physical  and  bacteriological)  of  frozen  herrings  gutted 
before  freezing  and  gutted  after  and  exposed  for  a  few  days  to  ordinary 
temperature. 

C.  Comparison  of  herrings  gutted  in  the  normal  commercial  way  and 
gutted  by  means  of  searing  irons. 

D.  Bacteriological  examination  and  comparison  of  herrings  gutted  and 
ungutted  while  still  in  a  frozen  state. 

A. 

Comparison  of  frozen  herrings  gutted  and  ungutted 

before  freezing. 

A  large  number  of  fish  straight  off  the  drifter  were  placed,  gutted  and 
ungutted,  in  brine  and  dry-frozen  for  a  week  at  an  uneven  temperature 
betnveen  18°  and  25°  F.  The  largest  and  best  looking  specimens  were  then 
chosen  out  of  this  lot,  each  placed  on  trays,  and  left  lightly  covered  from  the 
dust  for  four  days  at  a  temperature  of  about  60°  F. 
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Observations. 

(a)  Physical  examination.  Altogether  about  50  gutted  and  ungutted  fish 
were  examined  carefully  externally  and  internally,  and  comparisons  made. 
Each  fish  was  cut  down  the  length  of  the  spine  and  opened  out  like  a  kipper 
for  inspection.  Little  difference  in  external  appearance  could  be  detected 
between  gutted  and  ungutted  fish  but  much  difference  was  apparent  internally. 
Comparisons  were  best  made  after  the  fourth  day  at  ordinary  temperature. 

The  flesh  of  the  ungutted  herrings  was  still  fairly  white,  firm,  and  in  most 
cases  free  from  any  putrid  smell.  The  muscle  tissue  immediately  round  the 
spine  was  inclined,  on  the  whole,  to  be  more  bloodstained  than  was  the  case 
with  the  gutted  ones,  but  in  spite  of  this  the  flesh  was  firmer,  whiter  and  in 
better  condition. 

The  flesh  of  the  gutted  ones,  on  the  other  hand,  was  much  yellower  and 
more  discoloured  although  not  so  bloodstained  down  the  spine.  They  also 
had  a  very  strong  oily  smell  which  was  completely  lacking  in  the  ungutted 
ones,  in  fact  the  general  appearance  and  smell  of  them  was  not  nearly  so 
good. 

(6)  Bacteriological  examination.  A  large  number  of  fish-agar  Petri  dishes 
were  inoculated  with  samples  of  muscle  from  gutted  and  ungutted  herrings 
after  four  or  five  days  at  ordinary  temperature  and  comparisons  were  made 
of  the  amount  of  bacterial  growth  produced.  The  result  was  that  in  about 
two-thirds  of  the  total  number  of  plates  the  largest  amount  of  growth  came 
from  gutted  herrings.  In  view  of  the  fact  that  the  bacteriological  samples 
were  taken  with  extreme  care  in  every  case  and  the  muscle  always  taken  from 
the  same  part  of  the  fish,  it  was  proved  pretty  definitely  that  more  bacteria 
made  their  way  into  the  muscle  tissues  of  the  gutted  than  of  the  ungutted 
specimens. 

This  result  is  due  to  the  gutting  process  wherein  a  large  amount  of  gut 
contents  are  left  behind  upon  the  inner  body  wall,  and,  although  much  of 
it  is  washed  off  in  the  brine  tank,  a  large  number  of  gut  bacteria  penetrate 
the  flesh  and  start  putrefaction  more  quickly  than  in  the  case  of  the  ungutted 
fish,  where  the  bacteria  are  imprisoned  within  the  gut  whose  wall  has  first 
to  be  penetrated.  Moreover  in  the  case  of  the  gutted  fish  the  inner  as  well  as 
the  outer  surface  is  exposed  to  foreign  contamination  of  all  sorts,  particularly 
after  coming  out  of  store,  and  this  certainly  hastens  putrefaction  more  than 
when  only  the  outer  surface  of  the  fish  is  open  to  infection. 

It  ought  perhaps  to  be  mentioned  that  the  colonies  produced  on  all  the 
plates  were  chiefly  of  the  same  kind,  namely  moist,  round,  buff-coloured, 
fairly  large,  irregular  sized,  Gram-negative  diplococci.  All  the  plates  gave 
oft  a  very  strong  smell  of  ammonia  after  the  third  day. 
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B. 

Comparison  of  frozen  herrings  gutted  Ix^fore  and  after  freezing. 

Several  puttod  and  uii«j;iitted  bri no-frozen  hcirin;^H  were  brou<^ht  out  of 
storage.  The  iinj^uttcd  ones  wore  <j;iitted  as  soon  as  they  were  thawed  and 
phicod  on  trays  ah)n<];sido  the  already  j^utted  ones  and  left  in  a  clean  place 
at  a  normal  temperature  of  about  60°  F.  for  a  few  days.  They  were  examined 
carefully  each  day  during  this  period  and  at  the  end  of  four  days  fish-agar 
Petri  dishes  were  inoculated  with  samples  of  muscle  from  each  kind  of  herring 
including  ungutted  ones  as  controls. 

Observations. 

No  very  definite  conclusions  could  be  formed  from  this  experiment.  The 
appearance  and  keeping  qualities  of  the  fish  gutted  before  and  after  freezing 
seemed  the  same.  But  there  is  no  doubt  that  gutting  after  freezing  is  neither 
so  practical  nor  so  clean,  for  the  gut  during  the  process  of  freezing  becomes 
brittle  and  easily  broken.  It  is  therefore  difficult  to  remove  it  entirely  and 
any  gut  left  behind  does  more  harm  than  if  the  whole  had  been  left  un- 
disturbed. 

The  amount  of  bacterial  growth  produced  on  the  plates  was  about  equal. 

c. 

Comparison  of  herrings  gutted  in  the  usual  way  and  by 

means  of  searing  irons. 

A  dozen  or  so  of  the  finest  and  largest  herrings  were  obtained  straight 
off  the  drifter,  they  had  been  dead  about  seven  hours  and  were  in  perfect 
condition.  Half  of  them  were  immediately  gutted  in  the  usual  way  and  the 
other  half  gutted  by  means  of  hot  searing  irons,  taking  great  care  that  in 
each  case  after  gutting  the  inner  body  wall  was  seared  all  over  to  exterminate 
any  gut  bacteria  which  might  have  been  left  behind.  The  two  lots  were  put 
into  the  brine  tank  and  frozen  for  1-5  hours,  then  taken  out  and  left  in  cold 
storage  for  24  hours.  The  next  day  they  were  brought  out  and  placed  as  usual 
on  trays  protected  from  the  dust  and  left  at  ordinary  temperature  for  three 
or  four  days.  At  the  end  of  this  time  they  were  carefully  examined,  and 
physical  and  bacteriological  comparisons  made. 

Observations. 

(a)  Physical  appearance.  Very  little  difference  was  to  be  detected  in  the 
internal  and  external  appearance  and  keeping  properties  of  the  two  kinds. 
On  the  whole  the  seared  specimens  were  not  in  quite  such  good  condition 
but  perhaps  this  was  due  to  their  having  been  handled  more. 

(6)  Bacteriological  examination.  Plates  of  fish  agar  were  inoculated  with 
pieces  of  muscle  by  means  of  carefully  sterilised  instruments  and  comparisons 
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made  of  the  amount  of  bacterial  j^rowth  produced.  It  was  found  that  the  plates 
inoculated  with  the  seared  tish  «^ave  the  least  amount  of  ^^rowth. 

This  experiment  also  helps  to  sustain  the  contention  that  the  ordinary 
method  of  gutting  does  more  harm  than  good  on  account  of  the  gut  bacteria 
left  behind. 

D. 

Bacteriological  examination  and  comparison  of  herrings 

gutted  and  ungutted  while  still  in  a  frozen  condition 

after  brine-freezing  and  cold-storage. 

Several  fish-agar  plates  were  inoculated  with  muscle  samples  from  gutted 
and  ungutted  herrings  immediately  they  were  removed  from  the  cold  store 
and  before  they  were  allowed  to  thaw.  The  samples  were  taken  from  three 
different  lots  of  fish  and  put  into  store  for  different  periods,  viz. : 

(1)  Brine-frozen  1-5  hours,  25  days  in  cold  store; 

(2)  Brine-frozen  2  hours,  18  days  in  cold  store; 

(3)  Brine-frozen  4  hours,  11  days  in  cold  store. 

Observations. 

A  large  amount  of  bacterial  growth  was  produced  on  all  the  plates 
inoculated  from  gutted  specimens  and  much  less  growth  on  the  plates  from 
ungutted  fish.  This  again  leads  to  the  conclusion  that  putrefaction  is  slowly 
going  on  while  the  fish  are  in  cold  store  or  at  any  rate  that  the  bacteria  are 
slowly  multiplying.  Regarding  the  effect  of  the  cold  store  on  the  growth 
of  the  bacteria,  the  result  obtained  was  doubtful,  as  one  set  of  experiments 
showed  the  longest  stored  fish  to  have  produced  the  greater  amount  of  bac- 
terial growth,  the  other  set  of  experiments  showed  the  reverse.  It  is  possible, 
however,  that  the  latter  result  was  due  to  contamination  of  the  plates  and 
unfortunately  there  was  no  time  to  repeat  the  work. 

It  had  been  intended  to  carry  out  experiments  on  non-oily  fish  for  com- 
parison with  those  on  herring  above  described,  but  unfortunately  during  the 
time  available  at  North  Shields  only  the  herring  drifters  were  going  to  sea, 
the  trawlers  being  on  strike.  Fish  could  have  been  obtained  from  other  ports 
but  it  would  not  have  been  fresh  enough  for  the  purpose. 

It  would  have  been  of  extreme  interest  and  importance  to  note  if  non-oily 
fish  of  the  same  size  as  herrings,  when  treated  in  the  same  way,  gave  similar 
results.  It  is  well  known  that  herrings  disintegrate  and  deteriorate  more 
rapidly  than  other  fish,  but  whether  herrings  are  the  more  rapidly  attacked 
by  bacterial  growth  or  not  remains,  in  my  opinion,  to  be  elucidated.  The 
flesh  of  the  herring  is  very  delicate  and  therefore  more  quickly  and  easily 
attacked  and  altered  in  autolysis,  and  moreover  the  oil  of  the  herring  very 
quickly  discolours  the  flesh  and  becomes  rancid.  This  was  particularly 
noticeable  in   herrings  which  had  been   gutted,   thus  giving  the  fish   the 
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appearance  of  havin*^  started  to  putrefy  before  this  was  strictly  the  case 
bacteriolojijically. 

CJONCLUSIONS. 

The  j^cneral  conclusions  from  the  invcHti<;ation9  at  North  Shields  are: 

(I)  That  [)rine-freezing  is  more  satisfactory  than  dry-freezing  at  18' F. 
both  for  gutted  and  for  ungutted  fish. 

{'2)  That  the  keeping  properties  of  ungutted  frozen  fish  are  superior  to 
those  of  the  gutted  ones. 

(3)  That  if  herrings  are  to  be  gutted  it  is  cleaner  and  more  practical  to 
gut  them  before  freezing. 

It  is  very  regrettable  that  some  of  the  experiments  carried  out  lose  much 
of  their  value  because  air  temperatures  lower  than  18°  F.  were  not  available. 
It  is  very  unlikely  that  any  temperature  above  14°  F.  will  entirely  prohibit 
the  growth  of  putrefactive  fish  bacteria.  Hence  a  store  run  at  18°-20°  F. 
will  only  serve  to  retard  the  process  of  putrefaction,  and,  owing  to  the  slow 
multiplication  of  bacteria  in  fish  thus  stored,  the  keeping  properties  of  the 
fish  after  removal  from  cold  storage  will  be  much  inferior  to  that  of  freshly 
caught  fish. 

It  is  interesting  to  note  that  the  gutting  of  warm-blooded  animals  before 
cold-storage  has  also  been  found  to  be  unsatisfactory.  Miss  Pennington  gives 
an  account  of  this  in  her  paper  on  "The  Handling  of  Dressed  Poultry  a 
Thousand  Miles  from  the  Market^."  She  states  that  poultry  should  not  be 
eviscerated  until  they  have  arrived  at  their  destination  and  are  about  to  be 
cooked,  although  she  does  not  give  the  scientific  reason  for  this  recom- 
mendation. It  was  doubtless  found,  as  in  our  case,  that  the  eviscerating  process, 
although  it  can  be  effected  in  a  cleaner  and  more  scientific  way  than  is  possible 
with  small  fish,  gave  rise  to  more  rapid  bacterial  growth  and  relatively  quicker 
putrefaction.  In  dealing  with  poultry  it  might  well  be  anticipated  that  the 
difference  in  the  results  obtained  by  the  two  methods  would  be  much  more 
marked  than  was  the  case  with  herrings,  as  the  advantage  of  being  able  to 
clear  out  the  intestinal  tract  by  special  treatment  just  before  the  birds  were 
killed  is  a  very  important  factor.  It  is  well  kno\\*n  of  preserved  fish  that  the 
keeping  properties  of  full  gutted  specimens  are  not  nearly  so  good  as  in 
specimens  w^hose  gut  is  nearly  empty,  provided  the  fish  is  in  otherwise  good 
condition.  If  some  practical  method  could  be  found  by  means  of  which  the 
fish,  instead  of  being  gutted  before  cold  storage,  could  be  thoroughly  cleared 
out,  that  is,  if  the  intestinal  contents  could  be  removed  without  internal  or 
external  injury  it  might  be  confidently  anticipated  that  the  keeping  properties 
would  be  still  further  improved. 

Dr  Prince  of  the  Canadian  Biological  Board  gives  a  good  account  of  how 
sea  fish  should  be  cold  stored  and  handled  on  a  large  commercial  scale,  and 
recommends  that  all  large  fish  should  be  gutted  before  freezing,  but  that 
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small  fish  can  remain  un<^utted.  It  would  be  interesting  to  know  if  he  has 
found  by  scientific  investigation  that  small  fish  only  keep  better  when  cold- 
stored  in  an  ungutted  state.  Speaking  from  a  bacteriological  point  of  view 
and  without  special  experience,  the  author  would  anticipate  that  the  same  rule 
would  apply  to  large  lish  such  as  cod,  salmon,  etc.,  as  in  the  case  of  small 
fish  like  herrings. 

GENERAL  OBSERVATIONS. 

Before  the  cold  storage  of  herrings  or  of  any  other  kind  of  fish,  whether 
stored  in  an  ungutted  state  or  not,  can  become  a  really  satisfactory  proposition, 
it  is  absolutely  essential  that  more  cleanly  methods  should  be  employed. 
The  present  methods  of  handling  and  packing  herrings  in  our  country  are 
open  to  the  strongest  criticism  from  the  bacteriological  point  of  view.  As 
the  author  has  personally  observed,  the  fish  is  handled  as  it  arrives  on  the  quay 
without  any  attempt  at  cleanliness.  The  fish,  if  "washed"  and  gutted  before 
being  exported,  are  dipped  quickly  into  a  slimy  liquid  culture  of  mixed 
fish  bacteria  (so-called  clean  water),  and,  in  the  case  of  herrings,  they  are 
packed  with  ice  or  ice  and  salt  in  large  deep  barrels  previously  soiled  with  a 
layer  of  slime  and  scales  from  many  thousands  of  other  herrings  which  have 
been  packed  in  the  same  barrels  over  a  period  of  months  or  even  years !  The 
herrings  become  thoroughly  contaminated  in  this  way  and,  however  fresh, 
are  rendered  liable  to  quick  putrefaction;  they  are  afterwards  conveyed  to 
various  parts  of  the  country,  or,  if  there  is  a  glut,  are  sent  to  the  local  or  nearest 
cold-storage  plant  which  is  probably  being  run  at  a  fluctuating  temperature 
of  anything  between  20°  and  30°  F.  The  final  result  of  all  this  is,  that  if  the 
weather  is  hot,  tons  of  fish  arrive  at  their  destination  either  unfit  for  food  or 
in  a  very  doubtful  state. 

The  cost  of  organising  proper  machinery  for  preventing  this  waste  of 
valuable  food,  would  in  a  short  time  be  repaid  tenfold  by  the  enormous 
saving  effected.  If  at  present  no  practical  method  can  be  devised  for  equipping 
drifters  with  their  own  brine-freezing  apparatus,  there  is  at  any  rate  no  reason 
why  every  fishing  port  should  not  have  its  own  cold  storage  on  the  quay 
ready  to  receive  fish  directly  it  is  landed  and  run  at  a  constant  temperature 
of  14°  or  at  most  15°  F.  If  all  fish  to  be  exported  to  other  towns  were  frozen 
directly  after  landing  by  being  put  into  brine  tanks  in  cold  store,  and  then 
packed  for  export  in  well  insulated  boxes  whilst  still  in  a  frozen  condition,  we 
should  not  only  save  the  fish  landed  during  a  glut  but  it  would  arrive  at  its 
destination  in  a  condition  so  much  superior  to  that  of  the  unfrozen  fish  that 
the  public  would  not  only  lose  their  prejudice  against  frozen  fish  but  would 
soon  come  to  prefer  it. 

Another  point  is  that  herrings  whether  previously  frozen  or  not  should 
never  be  packed  in  deep  barrels  but  in  shallow  cases.  When  packed  carelessly 
in  deep  masses  they  deteriorate  much  more  easily.  They  get  bruised  and 
therefore  are  more  liable  to  putrefaction.    Also  the  boxes  in  which  they  are 
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packed  ou<^ht  never  to  hr  used  a  hccoikI  tinier  without  bein^  thorou^dily 
swilhul  out,  or  ])etter  still,  scrubljed  out  with  soap  and  water  to  which  some 
antise])tic  luis  been  added.  The  bloody  slinie  and  scales  which  stick  to  the 
sides  of  the  boxes  act  as  a  splendid  ])reedin<:  ;irou!)d  for  the  bacteria,  and  should 
never  be  allowed  to  accumulate. 

Finally,  if  fish  when  <j;uttcd  cannot  Ix^,  washed  in  rutitdiKj  water,  they  are 
far  best  left  unwashed  altogether.  When  public  opinion  demands  that  these 
elementary  measures  of  cleanliness  should  be  carried  out  and  effective  means 
of  supervision  are  provided,  then,  and  not  until  then,  will  the  Fishin^^  Industry 
benefit  fully  by  the  solving  of  such  scientific  problems  as  arise  in  connection 
with  the  cold  storage  methods  of  preservation. 

I  desire  to  express  my  best  thanks  to  Mr  Wilson  at  the  cold  store  at  North 
Shields  and  to  the  authorities  at  the  School  of  Medicine,  Newcastle,  for  the 
kind  assistance  given  during  the  work.  I  have  also  had  an  able  assistant  in 
Mr  G.  LI.  Rogers. 
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AN  ENQUIRY  CONCERNING  THE  STATE  OF 
CLEANLINESS  OF  EMPTY  MILK  CHURNS. 

By  R.  H.  CUMMINQ,  B.Sc,  and  A.  T.  H.  MATTICK,  B.Sr. 

(From  the  Research  Institute  in  Dairying,  University  College,  Reading.) 

An  enquiry  (1)  instituted  in  1916  showed  that  from  1  to  2  %  of  rail-borne  milk 
was  sour  on  arrival  at  its  destination,  with  the  result  that  in  London  alone 
there  was  a  loss  of  some  90,000  gallons  of  milk  annually.  That  this  loss  was 
not  confined  to  the  London  milk  was  brought  out  by  the  fact  that  a  similar 
loss  was  found  to  obtain  in  the  north  of  England. 

Further  investigations  (2)  showed  that  average  milk,  when  carried  in 
utensils  and  churns  washed  according  to  the  methods  generally  obtaining, 
had  a  very  high  bacterial  content  especially  during  the  summer  months. 
The  examinations  for  bacterial  content  were  made  when  the  milk  was  not 
more  than  about  nine  hours  old.  ProHferation  of  the  organisms  introduced 
into  the  milk  at  the  time  of  milking  was  not  therefore  a  sufficient  explanation 
of  this  condition.  It  was  thought  that  possibly  an  examination  of  the  churns 
which  were  being  returned  empty  to  farmers  might  reveal  one  source  of  this 
excessive  number  of  bacteria,  since  if  the  churns  were  inefficiently  cleansed 
and  particularly  if  they  were  also  left  damp,  every  opportunity  would  be 
afforded  for  the  proliferation  of  bacteria  during  the  warm  summer  weather, 
and  the  churns  would  reach  the  farmer  in  such  a  state  that  it  would  be  very 
difficult  for  him  to  cleanse  them  adequately,  even  supposing  he  were  in  pos- 
session of  the  necessary  apparatus. 

For  these  reasons  therefore  the  following  series  of  experiments  was  under- 
taken. 

Between  October  9th  and  November  20th,  1919,  500  empty  milk  churns 
were  examined  for  cleanliness  on  a  station  platform. 

The  state  of  cleanliness  was  measured  by  the  following  methods : 

(A)  The  general  cleanliness  as  revealed  by  inspection. 

(B)  The  state  according  to  the  smell. 

(C)  The  number  of  colonies  found  by  a  bacteriological  examination  of 
the  washings  with  sterile  normal  saline  solution. 

The  results  of  (A)  and  (B)  are  set  out  in  Table  I  in  which  the  churns  are 
classified  according  to  their  state  as  determined  by  inspection  and  the  presence 
or  absence  of  smell. 

Table  I  shows  that  only  16  %  of  the  churns  examined  were  apparently 
clean  and  dry  and  28  %  though,  apparently  clean,  were  wet.  On  the  other 
hand,  56  %  of  the  churns  were  undoubtedly  in  an  unsatisfactory  condition, 
since  all  of  them  revealed  one  or  more  of  the  following  faults:  the  presence 
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either  of  milk  or  of  niilkv  water,  oi-  of  an  (nil  suicdl.  fn  addition  to  the 
examination  by  inspection,  l)a('<('riol<)«^M('al  (examinations  of  churns  of  each 
ty])e  were  carried  out  by  the  foilowin*^  nuithods.  One  litre  of  sterile  normal 
saline  solution  was  poured  into  each  churn  which  was  examined  and  was 
tiiorou«:hly  agitated,—  a  ])ortion  bein^'  first  poured  on  to  tlie  inside  of  the  lid 

Table  I. 


Classification 

of  churns  l)y  inspt^ction. 

October 

9th 

-November  :20th,  1919. 

Clean  and  sweet 
Dry              Wet 

Milk  absent.           ^^hurn  not 
Evil  smell                washed. 
Milk 
Dry     .       Wet           jjresent 

Churn 

badly 

washed 

81               140 

5               118                 81 

75 

16%             28o/o 

1%             24o/„             16% 
Total  =  500 

15% 

and  then  added  to  the  bulk.  A  sample  of  the  washings  was  then  taken  into 
a  sterile  bottle  and  examined  bacteriologically  within  one  hour  of  collection, 
by  plating  dilutions  up  to  one  in  a  hundred  thousand  on  neutral  lemco  agar, 
incubating  the  plates  for  five  days  at  22°  C.  and  then  counting  the  number  of 
colonies  which  grew.  Litmus  lactose  peptone  water  tubes  w^ere  also  inoculated 
with  1  c.c.  of  the  washings,  and  1  c.c.  each  of  the  dilutions,  and  incubated 
for  five  days  at  37°  C.  These  w^ere  then  examined  for  the  presence  or  absence 
of  lactose  fermenting  organisms  as  shown  by  the  production  or  non-production 
of  acid  and  gas. 

The  results  of  these  examinations  are  shown  in  Table  II,  p.  86. 

On  analysis,  this  table  shows  that  those  churns  which  contained  milk  or 
milky  w^ater  show^ed  very  high  bacterial  counts,  and  lactose  fermenting 
organisms  were  found  in  high  dilutions  in  all  cases.  Churns  of  the  clean  and 
dry  type  showed  counts  both  high  and  low,  but  it  is  noticeable  that  the  lactose 
fermenting  organisms  when  present  were  not  generally  found  in  such  high 
dilutions  as  in  the  case  of  samples  from  churns  containing  milk  or  milky 
water.  Several  of  the  churns  of  this  type  which  were  examined,  showed 
counts  which  were  well  under  10,000  per  cubic  centimetre  of  washings  and 
lactose  fermenting  organisms  were  not  found.  On  the  other  hand  very  high 
counts  were  obtained  in  some  cases  in  this  series  showing  that,  although 
these  churns  appeared  to  be  clean  and  were  dry,  they  had  no^  really  received 
an  efficient  cleansing. 

Out  of  a  total  of  13  churns  of  the  clean  and  dry  type  which  were  examined 
bacteriologically,  only  5  showed  really  low  counts  and  contained  no  lactose 
fermenting  organisms,  so  that  although  these  churns  appeared  to  be  clean 
and  would  readily  have  passed  a  cursory  examination,  there  must  have  been 
some  grave  defect  in  the  methods  of  cleansing,  which  either  did  not  eradicate 
or  introduced  contaminating  organisms  in  the  majority  of  cases. 

Some  idea  of  the  gross  contamination  (jf  milk  by  dirty  churns  may  be 
gathered  from  a  consideration  of  the  figures  in  Table  II. 
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Table  11. 

Bacteriological  Examination. 
October  9th— November  2()th,  1919. 


Condition  of  churn 
Unwabhed  (whole  milk  present) 


Badly  washed  (milky  water  present) 

>»  »»  »>  »» 

Apparently  clean  but  wet 

»»  >>  >» 

»>  »>  »» 

Apparently  clean  and  dry 


• 

Acid  and  gas  in  litmus 

Counts 

lactose  peptone  water 

Uncountable  in 

1/100,(K)() 

+ 1/100,000 

4,000,000 

+  1/100,000 

Uncountable  in 

1/10,000 

+  1/10,000 

18,400,000 

+  1/1000 

5,300,000 

+  1/1000 

4,100,000 

+  1/100 

780,000 

+ 1/10,000 

510,000 

+  1  c.c. 

6,200  000 

+ 1/1000 

1,720,000 

+  1/10,000 

1,600,000 

+  1/100 

800,000 

+  1  c.c. 

400,000 

+  1/1000 

35,000 

+  1/10 

15,400 

+  1  c.c. 

6,500 

— 

5,000 

+  1/10 

3,000 

— 

2,400 

— 

2,000 

170 

— 

The  best  of  the  churns  contained  170  bacteria  per  cubic  centimetre  of 
washings.  Therefore  as  one  litre  of  saline  solution  was  used  for  washing,  there 
must  have  been  at  least  170,000  bacteria  in  the  churn.  Another  churn  was 
found  to  contain  at  least  18,400,000  bacteria  per  cubic  centimetre  of  washings. 
If  17  gallons  of  milk  were  put  into  this  churn,  that  milk  would  start  on  its 
journey  to  the  factory  or  consumer  with  an  initial  contamination  of  approxi- 
mately 240,000  bacteria  per  cubic  centimetre.  These  are  the  results  of  an 
examination  in  winter,  when  temperature  conditions  were  not  favourable 
for  the  rapid  proliferation  of  organisms.  It  is  probable  that  in  summer,  milk 
such  as  this  would  arrive  at  the  end  of  a  long  railway  journey  in  such  a 
condition  as  to  be  unfit  for  use. 

The  investigation  proves  that  the  present  methods  of  washing  and 
cleansing  churfis  are  inadequate  and  one  cause  of  the  loss  of  milk  through 
souring  in  transit.  Further  experiments  are  being  undertaken  to  establish 
the  minimum  time  of  steaming  necessary  to  insure  as  complete  a  sterilization 
as  is  possible  under  practical  conditions. 
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I.   INTRODUCTION. 

The  criterion  of  a  positive  result  in  the  Wassermann  test,  which  is  commonly 
adopted,  is  that  a  given  amount  of  complement,  which  along  with  a  known 
negative  serum  and  the  "antigen,"  causes  complete  lysis  of  the  test  corpuscles, 
will  with  a  positive  serum  in  the  same  combination  show  no  lysis  or,  at  most,  a 
faint  trace,  i.e.  lysis  not  exceeding  about  30  per  cent,  of  the  corpuscles.  This 
may  be  termed  the  "all  or  nothing"  criterion.  Some  workers  adopt  a  fixed 
volume  of  guinea-pig's  serum,  e.g.  in  the  original  method  of  Wassermann 
and  his  co-workers,  but  it  is  to  be  remembered  that  the  amount  which  these 
observers  employed  at  first  was  subsequently  reduced  hy  half.  Others  (e.g. 
Boas,  Fildes  and  Mcintosh)  employ  a  definite  number  of  haemolytic  doses 
of  complement.  The  results  thus  obtained,  although  they  afford  useful  indica- 
tions, are  by  no  means  perfectly  satisfactory.  Thus  Wassermann's  one  tube 
method  neglects  the  following  facts  :  (1 )  that  the  haemolytic  power  of  different 
*  A  Report  to  the  Mnlical  Research  Committee. 
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guinea-pigs'  sera  may  vary  considerably  ;  (2)  that  there  is  no  fixed  relationship 
between  deviability  and  dosage  (see  Table  III) ;  and,  further  (3)  that  since 
only  one  amount  of  com])lement  is  used,  it  is  not  possible  to  differentiate 
degrees  of  positiveness  satisfactorily.  With  regard  to  the  last-mentioned  point, 
the  range  of  lysis  obtained  with  the  mixture  of  patient's  serum  and  antigen 
along  with  varying  amounts  of  complement  is  not  necessarily  similar  with 
different  patients'  sera  (see  Table  1) ;  also,  owing  to  the  comparatively  large 
amount  of  complement  employed  by  Wassermann,  it  is  probable  that  a 
number  of  the  less  pronounced,  but  still  significant,  positive  reactions  are 
missed.  This  is  a  very  serious  defect  when  employing  the  reaction  in  the  control 
of  treatment  or  when  cases  are  examined  at  an  early  or  latent  stage  of  the 
infection.  Boas,  in  order  to  introduce  a  quantitative  gradation,  employs  a 
series  of  varying  amounts  of  patient's  serum  along  with  a  definite  number 
of  haemolytic  doses  of  complement,  and  this  procedure  was  also  adopted  by 
Fildes  and  Mcintosh ;  here  again  variations  in  the  deviabihty  of  different 
specimens  of  complement  are  neglected.  Latterly  Fildes  and  Mcintosh  have 
used  only  a  single  amount  of  serum.  All  of  the  criteria  employed  above, 
therefore,  are  unsatisfactory  in  as  much  as  they  fail  to  allow  for  the  varying 
sensitiveness  of  complement  to  the  reagents,  antigen  and  patient's  serum, 
separately  or  together.  Accordingly,  it  is  necessary  to  discard  the  results 
when  the  control  tests  show  that  the  complement  is  abnormal  in  its  behaviour. 
Browning  and  Mackenzie  (1909)  showed  at  a  comparatively  early  period 
that  when  a  given  serum  was  tested  with  two  different  specimens  of  comple- 
ment, all  the  other  reagents  being  identical,  the  degree  of  positiveness  as 
ascertained  by  the  two  series  might  show  a  marked  difference.  Recently 
Browning  and  Kennaway  (1919)  have  reported  the  results  obtained  when  the 
same  specimen  of  syphilitic  serum  was  examined  for  complement  fixation 
in  the  Wassermann  test  on  a  number  of  different  occasions  and  have  found 
that :  (1)  the  actual  amounts  of  complement  fixed,  reckoned  either  by  volumes 
or  as  haemolytic  doses,  varied  greatly  on  the  different  occasions,  and  (2)  the 
variations  were  quite  irregular,  and  depended  on  factors  which  cannot,  so 
far,  be  rendered  constant.  Thus  it  was  not  possible  to  fix  upon  any  single 
amount  of  complement  the  behaviour  of  which,  along  with  "antigen"  and 
patient's  serum,  would  determine  whether  that  serum  was  positive  or  negative. 
In  the  modified  original  technique  of  Wassermann  0-05  c.cm.  of  complement 
was  employed,  under  specified  conditions,  in  all  cases ;  sera  showing  no  lysis 
with  this  standard  amount  were  regarded  as  positive,  and  those  showing 
complete  lysis  as  negative.  But  the  results  with  the  positive  serum  obtained 
by  Browning  and  Kennaway  showed  that  on  one  day  0-04  c.cm.  complement 
sufficed  to  produce  commencing  lysis,  whereas  on  other  occasions  no  less 
than  three  times  this  amount  was  required.  Browning  and  Mackenzie  (1911) 
adopted  originally  as  the  standard  of  a  positive  serum  that  along  with  the 
antigen  it  should  require  at  least  five  doses  of  complement  in  addition  to 
the  sum  of  the  amounts  inhibited  by  the  serum  and  the  antigen  separately. 
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ill  order  to  produce  coiiiplct  c  Iwsis  of  the  test  coiiJiisclcs.  Tlicsc  workers  also 
S])('('irK'd  llic  limits  ol  inliihitorv  <'ncct^  on  complciiieiit  whicli  each  constituent 
ini«rlit  exercise  hv  itself  without  dist  uil)iu<r  the  results  of  the  test.  A  fixed 
amount  of  ])atient\s  serum  and  a  series  of  varying'  doses  of  comph;ment  were 
accor(lin«,dy  emph)yed.  The  method,  however,  a])])(^ars  to  luive  heen  re^'arded 
as  too  c()m])hcated  to  commend  itself  generally  and  the  nurrd)er  of  tubes 
ori<j:inally  recommended  (five  or  six)  was  such  as  to  consume  too  much  time 
in  the  performance  of  the  test.  It  is  obvious,  however,  that  for  a  satisfactory 
method  of  ])erf()rmin«,'  the  test  it  is  necessary  to  institute  a  quantitative 
comparison  between  the  complement-inhibitinf^  property  of  the  mixture  of 
patient's  serum  and  antigen  on  the  one  hand  and  a  known  negative  serum 
along  with  antigen  on  the  other.  Accordingly,  the  object  of  the  present 
investigation  was  to  ascertain  whether  the  study  of  the  numerical  results  of 
a  large  number  of  Wassermann  tests  in  which  the  actual  amount  of  complement 
fixation  was  determined,  would  suggest  any  rule,  more  satisfactory  than  those 
already  in  use,  by  which  the  distinction  between  "negative"  and  "positive" 
sera  could  be  defined.  Clearly  no  system  can  wholly  eliminate  those  reactions 
which  must  be  reported  as  "suspicious,"  "doubtful,"  or  "  ±,"  since  the  serum 
of  every  patient  who  has  recently  become  infected,  or  who  is  passing  into  the 
state  of  latent  infection  either  as  the  result  of  treatment  or  spontaneously, 
must  at  some  period  be  in  transition  from  the  negative  to  the  positive  condition, 
or  vice  versa.  But  for  purposes  of  clinical  diagnosis  it  is  well  to  determine  how 
far  the  use  of  such  terms  may  be  restricted  to  a  minimum. 

II.  METHOD  OF  ANALYSIS  OF  RECORDS. 

With  the  above  object  in  view,  the  quantitative  records  of  over  2000 
Wassermann  reactions  were  expressed  in  graphic  form,  in  the  hope  that  the 
curve  of  distribution  thus  obtained  would  give  some  indication  of  the  point 
at  which  the  transition  from  negative  to  positive  occurs.  Three  series  of 
records  were  examined,  comprising  2334  sera  in  all;  Series  I  contained 
540  sera,  Series  II,  533,  and  Series  III,  1261.  A  fourth  series  of  508  sera  is 
also  utilised  in  the  last  section  of  this  paper.  The  results  in  the  first  series 
were  obtained  during  55  days  of  routine  testing,  those  in  the  second  series 
during  37  days,  and  those  in  the  third  during  69  days.  The  first,  third  and 
fourth  series  comprise  specimens  of  blood  submitted  for  diagnosis  from  the 
wards  and  out-patient  departments  of  a  general  hospital ;  a  certain  number 
of  cases  which  have  undergone  anti-syphilitic  treatment  are,  of  course,  present 
among  these.  We  are  indebted  for  Series  II  to  the  records  of  Dr  H.  Ferguson 
Watson ;  the  cases  were  examined  by  him  and  were  quite  independent  of  the 
other  series.  Further,  in  Dr  Watson's  series  there  are  certainly  very  few,  if 
any,  treated  cases,  as  the  specimens  were  taken  from  children  and  adults 
with  a  view  to  deternu'ning  the  prevalence  of  syphilis  and  not  in  order  to 
diagnose  the  nature  of  diseased  conditions. 
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The  records  in  Series  I  and  II  were  dealt  with  in  the  following  manner. 
The  amount  of  complement  required  to  produce  just  complete  lysis  with  the 
negative  control  serum  in  the  presence  of  antigen  is  reckoned  as  100.  The 
amounts  of  complement  required  to  produce  just  complete  lysis  with  each 
of  the  other  sera  tested  upon  the  same  occasion  can  then  be  expressed  as 
percentages  of  the  amount  required  by  the  negative  control  serum.  In  this 
way  a  quantitative  comparison  of  the  character  of  the  different  sera  is  obtained. 
Further,  if  the  point  of  initial  lysis,  as  well  as  that  of  complete  lysis,  can  be 
observed,  the  amount  of  complement  required  to  complete  the  haemolytic 
process  when  once  begun  can  be  expressed  upon  the  same  system  of  per- 
centages. This  latter  amount  is  remarkably  variable  even  in  groups  of  sera 
which  require  the  same  amount  of  complement  to  produce  complete  lysis; 
some  will  show  a  short,  others  a  long  range  of  partial  lysis.  An  example  is 
given  in  Table  I  below ;  in  this,  the  range  with  one  serum  (N)  is  about  twice 
as  great  as  it  is  with  the  other  (A).  This  feature  is  obviously  a  subject  for 
study,  although  its  significance  is  by  no  means  clear. 

Table  I. 

Example  of  difference  in  range  of  lysis  with  different  positive  sera  tested  with  the 
same  complement.    Antigen,  liver-lecithin  +  cholesterol. 


Date:  15.  s.  12. 

0024 

0035 

005 

007 

Serum  control 

Complement  c.c. 

001             002 

Serum  (^4) 

None 

None 

Trace 

Complete 

Almost      Complete 
complete 

Serum  {N) 

Faint 

Trace 

Almost 

Just 

Almost      Complete 

trace 

complete 

complete 

complete 

One  point  of  great  practical  importance  immediately  arises  out  of  this 
fact,  how^ever,  viz.  the  unsatisfactory  character  of  any  method  which  employs 
a  single  amount  of  complement,  e.g.  Wassermann's  original  procedure.  In 
examining  a  series  of  quantitative  tests  it  is  easy  to  pick  out  sera  which  along 
with  antigen  give  marked  or  complete  lysis  in  a  mixture  containing  0-05  c.c. 
complement  and  which,  therefore,  would  be  returned  as  negative;  but  a 
quantitative  examination  show^s  that  they  give  Httle  or  no  lysis  with  0-03  c.c. 
complement,  whereas  the  negative  control  is  complete  with  0-01  c.c. 

The  apphcation  of  the  method  of  calculation  described  above  may  be  illus- 
trated by  thefollowingexamples(Tablell).  The  amountof  complement  required 
to  produce  just  complete  lysis  with  the  negative  control  serum  (0-015  c.c.) 
is  taken  as  100  ;  the  amounts  in  the  other  three  tubes  (0-03,  0-045,  and  0-06  c.c.) 
are  therefore  represented  by  200,  300,  and  400.  With  serum  A,  lysis  begins 
at  some  point  below  100,  and  extends  to  200.  With  serum  B,  lysis  begins 
near  200  and  extends  to  400.  With  serum  C  lysis  begins  near  300  and  extends 
beyond  400,  the  whole  range  not  being  observed.  These  results  may  be 
represented  graphically  as  in  Fig.  1.  The  arrows  indicate  that  the  complete 
range  of  lysis  could  not  be  observed  within  the  series  of  tubes  employed. 
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Tube  (1) 

Amounts  of  cojiiplriiirnf  in  cc.  OOIT 

Dosos        .....  2 

IVrctMitjiizo         ....  100 

Negative  fondol  smun 


(2) 

003 

4 

200 


0045 
(J 

:jo() 


ooo 

s 

4(10 


Complete 
lyHJs 

DiHtinct         Uu.st  complete 
lyHiH  lyew 

Trace  of  ly«i8      DJHtinct  lysis 


'  .lust  complefe        Coinplitf 
lyHi.s  lys's 

Scrum  A  .         .  .  Very  marked     'Just  completer 

lysis  ly.sis 

(Serum  Ji  .         .         .         .         .  No  lysis  Trace  of 

lysis 

Serum  C  .         .         .         .         .  No  lysis  No  lysis 

'  I.e.  the  fluid  is  nearly  but  not  ])orfcctly  clear,  and  a  trace  of  red  corpuscles,  amountin^^  to 
about  two  })er  cent,  of  tlie  total  (quantity  originally  added,  is  visible  at  the  bottom  of  the  tube 
on  standing. 

Haemolytic  dose  of  guinea-pig's  complement  for  0-5  c.c.  3  per  cent,  suspension  of  ox  or  sheep 
corpuscles  sensitised  with  at  lea.st  5  do.ses  of  immune  bofly  =  00075  c.c. 

The  great  advantage  of  this  method  of  representing  the  results  is  the  fact 
that  the  behaviour  of  the  known  negative  serum  constitutes  its  basis^.  This 
must  always  be  the  chief  guide  in  diagnosis,  since  it  serves  as  a  control  upon 
the  variations  which  occur  both  in  the  deviabihty  of  complement  (in  the 
direction  especially  of  over-deviability)^  and  in  the  complement-absorbing 
power  of  different  samples  of  antigen.    However,  when  any  large  series  of 


^00 

- 

y 

■v 

300 

- 

200 

■ 

100 

> 

f 

A          E 

)         c 

Negative  control 

complete  at  100 


Fig.  1. 

results  is  dealt  with  in  this  way  the  following  difficulties,  omitted  purposely 
from  the  examples  given  above,  are  encountered.  (1)  The  negative  control 
may  show  quite  complete  lysis  in  the  first  tube;  the  base-line  (100)  cannot 
then  be  exactly  ascertained,  as  the  amount  of  complement  required  to  produce 
just  complete  lysis  is  unknown.  The  results  obtained  on  such  days  are,  there- 
fore, not  perfectly  suitable  for  presentation  by  this  method.  (2)  In  a  large 
proportion  of  cases,  the  points  of  initial  and  of  just  complete  lysis  cannot  be 
observed ;  they  will  either  lie  outside  the  series  of  tubes,  as  in  sera  A  and  C 

^  Considerable  importance  attaches  to  the  choice  of  a  negative  control  serum.  This  point  is 
discussed  in  detail  on  p.  93. 

-  The  use  of  a  known  weak  jmsitive  control  serum  is  chiefly  of  value  for  controlling  the 
deviability  of  the  complement  in  the  direction  of  under-deviability  (see  p.  104). 
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above,  or  they  will,  so  to  speak,  fall  l)etweeii  two  tubes.  A  number  of  tubes 
impracticable  in  routine  work  would  be  re(}uired  in  order  to  obtain  results 
ideally  suitable  for  statistical  purposes.  Suppose  for  instance,  that  lysis  is 
well  adv^anced,  but  by  no  means  complete,  in  one  tube  of  the  series,  and  is 
({uite  complete  in  the  next;  where  is  the  point  of  just  complete  lysis?  The 
point  in  question  can  be  expressed  as  a  percentage  only  by  a  process  of 
guessin«]j  which  cannot  be  dignified  by  the  term  "interpolation."  If  all  sera 
exhibited  the  same  range  of  lysis  (i.e.  required  the  same  amount  of  complement 
in  order  to  cause  the  same  increment  of  lysis,  e.g.  from  distinct  to  very 
marked),  and  differed  only  in  the  region  of  the  whole  scale  in  which  this  range 
lay,  it  would  be  possible  to  interpolate  in  a  satisfactory  manner ;  but,  as  was 
pointed  out  above  (see  p.  90),  this  extension  of  partial  lysis  is  a  most  variable 
character.  In  practice  one  must  judge  as  best  one  can,  from  the  rate  of  advance 
of  lysis  seen  in  the  preceding  tubes,  whereabout  the  point  of  just  complete 
lysis  would  lie.  An  alternative  method  which  would  eliminate  guessing,  would 
be  to  take  as  "just  complete"  always  the  first  tube  showing  "quite  complete" 
lysis;  but  owing  to  the  necessarily  large  intervals  (generally  100  per  cent.) 
between  the  amounts  of  complement  employed  in  successive  tubes,  this  would 
seem  to  involve  a  greater  error  than  does  guessing,  at  any  rate  in  cases  where 
lysis  is  far  advanced  in  the  preceding  tube.  (3)  As  one  cannot  in  practice 
measure  and  record  all  the  different  degrees  of  partial  lysis  which  occur, 
the  results  fall  inevitably  into  groups  w^hich  do  not  give  a  strictly  accurate 
representation  of  the  facts.  These  degrees  of  partial  lysis  are,  of  course,  infinite 
in  number,  and  could  be  estimated  with  accuracy  only  by  the  examination 
of  the  contents  of  each  tube  in  a  haemoglobinometer,  which  is  not  practicable. 
Accordingly,  in  recording  the  results  of  Wassermann  reactions  we  employ 
only  eight  terms  to  denote  the  stages  of  lysis;  the  quantitative  significance 
of  these  terms  is  discussed  below  (p.  95).  The  grouping  which  results  from 
this  necessary  limitation  in  the  number  of  descriptive  terms  is  evident  in 
the  general  form  of  the  curves  shown  in  Figs.  2  and  3.  However,  this  source 
of  error  tends  to  produce  a  series  of  flat  segments  or  steps  in  the  distribution 
curve,  and  one  must,  therefore,  attach  the  more  significance  to  any  portions 
of  it  which  show  a  gradient.  Thus,  it  is  evident  that  the  records  of  Wassermann 
reactions  cannot  yield  material  which  is  thoroughly  suitable  for  statistical 
purposes  unless  (1)  a  very  long  series  of  tubes  be  used,  and  (2)  the  degrees 
of  lysis  be  estimated  by  some  accurate  method.  Since  it  is  impracticable  to 
realise  these  conditions  in  routine  work,  one  must  either  abandon  examination 
of  the  abundant  material  which  is  at  hand  or  make  what  use  of  it  one  can 
in  its  relatively  defective  state.  In  view  of  the  importance  of  the  question 
involved  and  of  the  fact  that  we  are  probably  in  possession  of  the  fullest  data 
available  on  the  subject,  we  have  judged  it  advisable  to  make  a  comprehensive 
examination. 
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III.    VUK  NK(}ATIVE  (X)NTIU)J.  SKIUJM. 

Tlu'  (luaiilitativo  method  of  pci  loiiiiiii;^  tlic  WasscrFiiaini  icaclioii  ])rovcd 
clearly  at  an  cMily  sta«^o  that  all  ?u'<^ative  sera  arc,  not  alike,  in  their  behaviour. 
Thus  in  h'i^s.  '2  and  .'5,  a.  nuinhcr  of  s(;ra  are  represented  at  the  left-hand  side 
of  the  gra])li  its  Kini,^  heh)\v  tlu^  horizontal  line  at,  100;  \\ui,\  is  to  say,  they 
are  more  negative  than  the  ne<jjative  control  and  the  majority  of  the  negative 
sera..  They  amount  to  51  out  of  the  760  sera  in  the  two  figures,  and  constitute 
7  per  cent,  of  the  whole  number,  or  1  I  ])er  cent,  of  the  iHjgatives  (i.e.  those 
showing  complete  lysis  at  or  below  150),  On  the  other  hand,  some  non- 
sy])hilitic  sera,  including  those  from  certain  adults  who  are  apparently  in 
good  health,  will  tend  to  fix  more  complement  in  the  presence  of  antigen  than 
the  great  majority  of  other  negative  sera  do.  To  these  sera  we  have  applied 
the  term  of  border-line  negatives.  They  are  not  by  themselves  specially  anti- 
complementary. But  with  a  hyper-sensitive  complement  such  sera  will  yield 
an  apparently  positive  reaction,  while  in  the  same  series  many  other  sera 
will  react  definitely  negative;  this  is  illustrated  in  Table  III.  The  experiments 

Table  III. 

Behaviour  of  different  non-syphilitic  sera  tested  simultaneously  with  two  comple- 
ments, illustrating  an  extreme  degree  of  over-deviability  in  Complement  II. 
Antigen,  liver-lecithin  +  cholesterol. 


Complement,  c.c.  0»015 

Complement  I  (m.h.d.  -005  c.c.) 
Negative  control  serum  A         — 

Negative  control  serum  B        — 
Emulsion  control  Complete 

Complement  II  (m.h.d.  -005  c.c.) 
Negative  control  serum  A         — 

Negative  control  serum  B        — 


Patient's  serum  C 
Emulsion  control 


Serum 
control 

0-025 

0-04 

0-06 

0-09 

0015 

Very 
marked 

Complete 

— 

— 

Complete 

Complete 

— 

— 

— 

Complete 

None 

None 

Very 
marked 

Complete 

Just 
complete 

Faint 
trace 

Trace 

Very 
marked 

Complete 

Complete 

Complete 

— 

— 

— 

Complete 

Complete 


recorded  in  this  table  were  carried  out  upon  the  same  day  with  two  samples 
of  complement  (I  and  II)  each  obtained  from  the  pooled  blood  of  two  guinea- 
pigs  and  treated  in  the  same  manner  before  use ;  all  the  other  reagents  employed 
were  the  same  throughout  the  series.  While  both  complements  showed  a 
normal  behaviour  in  the  serum  and  antigen  controls,  and  had  the  same 
M.H.D.  (0-005  c.c).  Complement  II  showed  extreme  over-deviability  in  the 
presence  of  sera  A  and  B  together  w^th  antigen,  while  another  serum  (C) 
gave  a  typical  negative  result.  The  negative  character  of  sera  A  and  B  is 
known  from  many  years'  experience,  yet  with  Complement  II  they  require 
no  less  than  eighteen  m.h.d.  to  give  complete  lysis.  Complement  II  represents 
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till  excessive  degree  of  over-deviability,  which  in  our  experience  is  extremely 
rare ;  but  the  results  illustrate  what  is,  in  a  less  pronounced  form,  very  common. 
We  have,  therefore,  attached  great  importance  to  the  use  of  such  a  negative 
serum  and  have  for  several  years  past  constantly  employed  as  the  negative 
control  a  serum  of  this  kind  derived  from  one  individual.  Its  normal  behaviour 
thus  becomes  known,  and  any  unsuitability  in  the  other  reagents  is  the  more 
readily  detected,  and  if  not  too  great,  allowed  for.  A  stock  sufficient  for 
several  months  can  be  kept  frozen  in  amounts  each  suitable  for  a  single 
day's  work,  whereby  repeated  thawing  is  avoided^  In  this  laboratory  we  have 
now  used  tlie  serum  of  one  person  upon  355  occasions.  This  serum  constitutes 
the  negative  control  in  Series  III  (heart-cholesterol  antigen)  and  IV  and  on 
six  of  the  55  occasions  in  Series  I ;  in  Series  II  for  which  the  serum  in  question 
was  not  available,  the  negative  control  differed  from  day  to  day  and  was  not 
selected  on  the  above  principle.  The  results  in  Series  II  indicate  that  the 
conclusions  arrived  at  in  this  paper  regarding  the  criterion  of  a  positive 
reaction  hold  generally  and  are  not  dependent  on  the  use  of  any  particular 
negative  control  serum.  Thus  when  the  use  of  a  single  serum,  such  as  that 
descri'bed  above,  is  impracticable  we  would  suggest  that  the  negative  control 
should  consist  of  a  pooled  specimen  of  at  least  twelve  negative  sera  derived  from 
cases  which  have  not  recently  received  anti-syphilitic  treatment  and  in  which 
there  is  no  question  of  early  syphilis  before  a  positive  reaction  has  developed. 

IV.    TECHNIQUE  EMPLOYED  IN  THE  TESTS. 

All  the  Wassermann  tests  of  which  the  records  were  utilised  in  Series  I 
and  II  were  carried  out  by  the  method  of  Browning,  Cruickshank  and 
Mackenzie.  Two  antigens  were  employed,  namely  a  solution  of  ox-liver 
"lecithin"  and  the  same  with  the  addition  of  1-2  per  cent,  of  cholesterol; 
one  volume  of  the  alcoholic  solution  was  mixed  slowly  with  seven  volumes 
of  galine,  and  each  tube  received  0-3  c.c.  of  this  emulsion  together  with 
0-025  c.c.  of  patient's  serum.  Only  those  results  obtained  by  the  use  of  the 
latter  antigen  are  dealt  with  here,  as  the  process  of  drawing  any  conclusion 
is  very  much  complicated  if  two  figures  have  to  be  considered  in  the  case 
of  each  serum.  In  Series  III,  the  antigen  was  a  rapidly  mixed  1  in  30  dilution 
of  a  mixture  of  3  volumes  of  alcohoHc  extract  of  human  heart  and  2  volumes 
of  a  1  per  cent,  solution  of  cholesterol,  i.e.  it  corresponds  to  the  antigen 
employed  in  the  method  of  Fildes  and  Mcintosh.  Each  tube  received  0-5  c.c. 
of  emulsion  and  0-05  c.c.  of  patient's  serum.  The  haemolytic  system  consisted 
of  0-5  c.c.  3  per  cent,  suspension  of  washed  ox  (or  occasionally  sheep)  blood 
sensitised  with  at  least  5  doses  of  immune  body  from  the  rabbit^. 

1  The  temperature  was  maintained  at  -  15°  C.  or  lower.  It  is  possible  that  temjjeratures  more 
closely  approaching  0°  C.  may  be  less  suitable  owing  to  the  occurrence  of  autolytic  changes.  This 
point  requires  further  investigation. 

-  For  further  details  of  the  methods  see  Browning  and  Watson  (1919).  Venereal  Diseases. 
London. 
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V.    MKTHOI)  OK  RK(X)H1)IX(J   DKCiRKKS  OF  LYSIS. 

Tlic  xiirioiis  (l('«ir('('s  of  lysis  which  occur  in  th(i  series  of  tubes  employed 
in  the  test  h;ive  heen  described  in  the  records  by  an  arbitrary  series  of  terms, 
namely  :  funif  ini<-(\  I  race,  disf'nicl ,  tuarkcff,  rrnj  iiKtrkcd,  abiiosi  ((tnrfjlr/r,  just 
complete,  complete.  In  order  to  ascertain  the  ran^e  of  lysis  over  which  the 
observers  concerned  would  apply  each  of  these  descriptive  terms,  a  number 
of  ex])eriments  with  mixtures  of  known  ])roportions  of  lysful  and  unlysed 
corpuscles  were  made  in  the  following  manner:  3  c.c.  of  washed  red  corpuscles 
are  mixed  with  7  c.c.  of  normal  saline;  5  c.c.  of  this  suspension  are  made  up 
to  50  c.c.  with  normal  saline  to  form  a  3  i)er  cent,  suspension  of  corpuscles 
as  used  in  the  Wassermann  test.  The  remaining  5  c.c.  of  the  mixture  are 
added  to  41  c.c.  of  distilled  water;  when  lysis  is  complete,  4-2  c.c.  of  10  per 
cent,  sodium  chloride  are  added,  giving  a  strength  of  0-85  per  cent,  salt  in  the 
whole  amount;  the  lysed  solution  will  then  not  produce  any  further  lysis 
when  mixed  with  the  suspension  of  corpuscles.  Mixtures  are  then  made  as 
indicated  in  Table  IV;  the  last  column  shows  the  manner  in  which  the  terms 
in  question  were  found  to  be  employed. 

Table  IV. 

0*4  c.c.  normal  saline  is  placed  in  each  tube  to  represent  the  volume  of  the  other 
constituents  present  in  a  Wassermann  test. 


[•ube 

Unlysed 

suspension 

c.c. 

Lysed 

solution 

c.c. 

Percentage  of 

corpuscles 

lysed 

Terms  used  to 

record  degrees 

of  lysis 

1 
2 

0-4 
0-35 

0-1 
015 

20) 
30/ 

Faint  trace 

3 

4 

0-3 
0-25 

0-2 
0-25 

40) 
50/ 

Trace 

5 
6 

0-2 
015 

0-3 
0-35 

60) 
70/ 

Distinct 

7 

01 

0-4 

80 

Marked 

8 

005 

0-45 

90 

Very  marked 

9 
10 

0025 
002 

0-475 

0-48 

95) 

96/ 

Almost  complete 

11 
12 

001 
0005 

0-49 
0-495 

98) 
99/ 

Just  complete 

13 

00 

0-5 

100 

Complete 

It  is  evident  that  the  system  given  in  this  table  is  by  no  means  ideal  for 
statistical  purposes.  Firstly,  from  a  quarter  to  a  half  of  the  corpuscles  require 
to  be  lysed  before  the  appearances  which  one  would  describe  as  "faint  trace' 
or  "trace"  are  produced;  the  point  of  commencing  lysis  cannot  therefore  be 
determined  wnth  much  accuracy.  Secondly,  as  it  is  much  easier  to  estimate 
the  smaller  than  the  larger  amounts  of  corpuscles,  the  later  stages  of  lysis 
are  over-represented;  three  of  the  seven  })ercentages  lie  at  or  above  90. 
However,  these  defects  seem  unavoidable  by  any  method  which  is  practicable 
in  testing  large  numbers  of  sera;  and  further,  for  the  purpose  of  the  present 


t)H  Wassennann  Reaction 

investigation,  the  point  of  complete,  or  rather  just  complete,  lysis  is  by  far 
the  most  important,  hence  defective  observation  of  the  early  stages  of  lysis 
is  of  no  jjreat  siij^niticance. 

VI.   DISCUSSION  OF  RESULTS. 

The  range  of  lysis  observed  with  each  serum  was  expressed  graphically  in 
the  manner  described  above  (p.  91) ;  thus  the  amount  of  complement  required 
to  produce  complete  lysis  with  the  negative  control  serum  was  reckoned 
as  100,  and  the  amount  required  with  each  of  the  other  sera  to  produce 
the  whole  range  of  lysis  observed  was  expressed  upon  the  same  scale.  The 
result  is  shown  in  Figs.  2  and  3.  (I)  The  sera  are  ])lotted  from  left  to  right  in 
the  order  of  magnitude  of  the  amounts  of  complement  which  they  require 
in  order  to  give  complete  lysis,  that  is,  in  the  order  of  height  reached  by  the 
vertical  lines.  (2)  When  lysis  is  complete  in  the  first  tube,  the  serum  in  question 
is  represented  by  a  dot  only,  placed  at  the  level  corresponding  to  the  amount  of 
complement  in  this  tube.  (3)  A  horizontal  line  is  drawn  across  each  figure 
at  the  level  100,  which  represents  complete  lysis  with  the  negative  control 
serum.  Dots  falling  upon  this  line  are  not  represented,  but  the  length  of  this 
line  between  50  and  100  is  of  course  proportional  to  the  number  of  these  dots ; 
there  would  be  199  dots  on  this  line  in  Fig.  2,  and  91  in  Fig.  3.  (4)  A  "faint 
trace"  or  "trace"  of  lysis  has  unavoidably  to  be  taken  as  indicating  the 
actual  starting  point  of  the  process,  though  this  is  of  course  not  accurate 
(see  Table  IV).  (5)  When  the  degree  of  lysis  in  the  first  tube  is  more  than  a 
trace,  but  is  still  incomplete,  the  line  representing  the  serum  bears  an  arrow 
directed  downwards,  to  indicate  that  no  point  of  initial  lysis  could  be  observed. 
(6)  Sera  with  which  lysis  is  still  incomplete  in  the  last  tube,  that  is,  with  the 
largest  amount  of  complement  employed,  are  excluded  from  the  graph,  since 
it  is  the  position  of  the  point  of  complete  lysis  which  is  the  basis  of  classifica- 
tion. The  latter  sera  are  all  undoubtedly  positive,  and  their  removal  does  not 
affect  the  consideration  of  the  doubtful  zone.  The  negative  control  sera  of 
each  of  the  92  days'  tests  are  also  excluded.  By  this  eUmination,  the  number 
in  Series  I  is  reduced  from  540  to  408  and  in  Series  II  from  533  to  352. 

In  considering  the  results  presented  in  the  graphs  Figs.  2  and  3,  the  sera 
were  divided  into  groups,  each  increase  of  50  per  cent,  in  the  amount  of 
complement  required  to  produce  complete  lysis  constituting  a  group.  Thus 
Group  I  shows  complete  lysis  with  not  more  than  50  per  cent,  of  the  amount 
of  complement  giving  complete  lysis  with  the  negative  control  serum; 
Group  II  shows  complete  lysis  with  51  to  100  per  cent,  of  this  amount,  and  so 
on  up  to  Group  X  which  extends  from  451  to  500  per  cent.  The  limits  of  each 
group  are  marked  upon  the  horizontal  line  at  the  top  of  each  figure.  The 
length  of  each  group  was  then  measured,  and  these  lengths  calculated  as 
percentages  of  the  total  length  of  the  series ;  the  distribution  of  the  sera  was 
thus  ascertained,  and  is  shown  in  numerical  form  in  Table  V. 

It  is  at  once  evident  upon  inspection  of  Figs.  2  and  3  that  no  very  abrupt 
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Table  V. 

Numerical 

results 

]  from 

all  sera 

represented 

in  Figs 

.  2  and  3. 

;  of  complement 
to  produce  coin- 
lia  witli  negative 
)l  serum  ^lUO 

Series  I 

Series  II 

Series  I  and  II 
combined 

Amount 

requirett 

plete  lys 

tontrt 

Total 

per 
cent. 

Total  of 

per- 
centages 

Total 

per 
cent. 

Total  of 

per- 
centages 

Total 

per 
cent. 

Total  of 

per 
centages 

Group 

I 

Lysis  complete 
at  or  below  50 

0 

_ 

^__ 

9 

2-5 

___ 

9 

1-2 

II 

51-100 

229 

56- 1 

— 

116 

32-8 

35-3 

345 

45-4 

46-6 

III 

101-150 

40 

9-8 

65-9 

91 

25-9 

61-2 

131 

17-2 

63-8 

IV 

151-200 

18 

4-4 

70-3 

29 

8-2 

69-4 

47 

6-2 

70-0 

V 

201-250 

29 

7-2 

77-5 

28 

8-0 

77-4 

57 

7-5 

77-5 

VI 

251-300 

23 

5-6 

831 

36 

10-3 

87-7 

59 

7-8 

85-3 

VII 

301-350 

21 

51 

88-2 

12 

3-4 

911 

33 

43 

89-6 

VIII 

351-400 

19 

4-7 

92-9 

7 

20 

931 

26 

34 

930 

IX 

401-450 

18 

4-4 

97-3 

16 

4-6 

97-7 

34 

4-5 

97-5 

X 

451-500 

11 

2-7 

1000 

8 

2-3 

1000 

19 

2-5 

1000 

Total 


408 


352 


760 


change  or  discontinuity  occurs.  Hence  the  distinction  between  positive  and 
negative  sera  is  not  capable  of  being  very  sharply  defined.  This  is  what  would 
be  expected  by  anyone  who  has  experience  of  the  Wassermann  test  when 
carried  out  by  a  quantitative  method.  But  in  both  graphs  a  definite  steepening 
of  the  gradient  appears  at  the  beginning  of  Group  IV  (151  to  200) ;  in  Table  V 
this  is  represented  by  a  fall  in  the  percentage  distribution,  namely,  from 
9-8  to  44  in  Series  I,  from  25-9  to  8-2  in  Series  II,  and  from  17-2  to  6-2  in 
the  combined  series.  If  the  strongest  positives,  the  omission  of  which  from 
the  graphs  was  mentioned  above  (p.  96),  were  included  the  fall  in  the 
percentage  would  be  from  8-2  to  3-7  in  Series  I,  and  from  18-5  to  6-1  in 
Series  11.  The  evidence,  therefore,  points  to  this  region  as  the  one  in  which 
is  to  be  found  the  change  in  character  of  the  sera  from  negative  to  positive. 
In  the  light  of  this  result,  we  would  propose  that  the  following  system  should 
be  applied  in  diagnosis : 

(1)  Sera  which  allow  of  complete  lysis  with  not  more  than  150  per  cent, 
of  the  amount  of  complement  giving  complete  lysis  with  the  negative  control 
serum  are  negative  (Groups  I,  II,  and  III). 

(2)  Sera  which  do  not  allow  of  complete  lysis  with  less  than  200  per  cent, 
of  the  amount  of  complement  required  by  the  negative  control  serum  are 
positive  (Group  V  and  subsequent  groups). 

(3)  Sera  falling  between  these  two  classes  (from  150  to  200  per  cent.) 
must  be  regarded  as  "doubtful"  or  ''suspicious,"  i.e.  Group  IV. 

It  is  to  be  noted  also  that  the  majority  of  those  sera  which  fall  into  the 
next  higher  (200-250)  and  subsequent  groups,  give  no  lysis  with  100  per  cent, 
of  complement,  i.e.  with  the  amount  which  causes  complete  lysis  of  the 
negative  control.  Accordingly,  they  would  be  reckoned  as  positive  on  the 
older  one  tube,  "all  or  nothing,"  criterion  and  thus  far  the  two  methods 
of  estimating  a  positive  serum  appear  identical  in  their  results.  But,  although 
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the  sera  of  the  150- '200  <;i()ii|)  show  in  iiiaiiy  cases  only  coninieiicin^  lysis 
at  100,  the  estimation  of  the  ;i mount  of  comphinHiiit  reciuired  to  produce 
just  complete  lysis  indicates  that  tlies(^  seiji  ;ire  only  v(!ry  little  removed 
from  ne«^ative  sera.  This  fact  a])])(^ars  clearly  when  the  sera  of  the  150-200 
<:r()up  are  com])ared  willi  those  falling  into  the  higher  grouy)s.  Hence  the 
latter  test  affords  mucli  more  })r(^cis(;  cjuantitative  information  as  to  the 
reacting  power  of  the  serum  than  does  the  one  tube,  "all  or  nothing," 
criterion.  On  the  other  hand,  certain  sera  which  are  quite  definitely  positive, 
since  they  require  250  per  cent,  or  more  of  complement  to  give  complete  lysis, 
may  show  a  very  extensive  range,  with  commencing  lysis  below  100  per  cent, 
(see  Fig.  3) ;  the  positive  nature  of  such  sera  would  appear  questionable  on 
the  "all  or  nothing"  basis. 

It  may  be  asked  why  the  doubtful  group  should  be  arbitrarily  limited 
to  the  150  to  200  per  cent.  zone.  In  reply  to  this  it  may  be  said  that  the 
character  of  a  serum  which  requires  for  complete  lysis  double  the  amount  of 
complement  required  by  the  negative  control,  is  definitely  abnormal  and, 
with  the  known  exceptions,  such  abnormality  indicates  syphilis.  But,  as  a 
further  measure  of  precaution  in  the  reckoning,  those  sera  may  be  returned 
as  weak  positives  which  require  for  complete  lysis  not  less  than  200  nor  more 
than  250  per  cent,  of  complement.  The  rest,  which  number  87  per  cent,  of 
all  those  requiring  200  per  cent,  of  complement  or  more  for  complete  lysis, 
are  frank  diagnostic  ^positives  (see  footnote,  p.  103). 

Confirmatory  evidence  of  the  value  of  the  above  criterion  has  been  obtained 
from  two  sources,  viz.  (1)  the  examination  of  a  large  series  of  sera  with  heart- 
cholesterol  antigen,  the  results  of  which  have  been  computed  by  a  somewhat 
different  method  (see  Section  VII  (a)),  and  (2)  a  comparison  of  the  results 
arrived  at  by  the  method  used  in  Series  I  with  the  original  diagnoses  returned 
according  to  Browning  and  Mackenzie's  five  dose  criterion.  (See  Section  VII  (6).) 

VII.   CONFIRMATORY  EVIDENCE. 
(a)   Series  III. 

As  the  method  of  calculation  applied  in  Series  I  and  II  to  over  one  thousand 
sera  is  somewhat  laborious,  an  attempt  was  made  to  apply  to  a  still  larger 
number  a  method  which,  while  consuming  much  less  time,  would  extend  the 
information  as  to  the  general  distinction  between  positive  and  negative  sera. 
Records  of  1 193  patients'  sera  were  employed,  together  with  the  corresponding 
67  tests  of  a  negative  control  serum  derived  from  the  same  person  as  in  the 
greater  part  of  Series  I.  The  human  heart-cholesterol  antigen  was  employed 
as  described  in  Section  IV.  The  percentages  of  lysis  (see  Table  IV)  shown  in 
the  three  tubes  containing  a  given  serum  were  entered  upon  a  card,  and  the 
cards  arranged  in  the  order  of  magnitude  of  these  percentages.  The  results 
are  summarised  in  Table  VI. 

The  following  points  are  exhibited  by  the  table:  (1)  the  negative  control 
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serum  showed  90  per  cent,  or  more  of  lysis  in  the  first  tube  on  66  out  of  67 
days;  probably  its  appearance  in  Group  IV  on  the  remaining  occasion  was 
due  to  some  error  of  technique.  (2)  With  more  than  half  the  sera  (57-6  per 
cent,  comprisinir  Groups  I  and  II)  the  range  of  lysis  in  the  first  two  tubes  is 
identical  with  that  shown  by  the  negative  control  serum  on  the  same  or  other 
occasions.  Such  sera  cannot  be  regarded  as  other  than  negative  and  it  is  justifi- 
able to  conclude  that  they  give  complete  lysis  with  at  most  150  per  cent,  of  the 

Table  VI. 

Results  of  the  test  o/  1 1 93  sera  with  heart-cholesterol  antigen. 

The  amount  of  complement  in  the  first  tube  varied  on  different  occasions 
from  1-3  to  3  m.h.d.  ;  the  second  and  third  tubes  always  contained 
respectively  2  and  3  times  as  much  complement  as  the  first  tube. 
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100 

— 

557 
134 

46-4 
11-2 

57-6| 

101 

14-6' 

CO 

1— ( 

51 
15 

III  2&-80 

IV  — 

100 
90-98 

100 

56 
34 

'■']  7-5 
2-8j 

65-1 

16 
10 

28-6 
29-4 

o 

c 

l     4> 

u 

0) 

0 

1 

V          — 

0-80 

100 

21 

1-75 1 

66-8 

— 

— 

90-98 

28 

2-3 

69- 1  - 

18 

13-2 

00 

— 

— 

25-80 

87 

7-25 

^34-3 

76-3 

r-l 

VI         — 

— 

0 

276 

230  . 

100 

33 

11-9 

II 

Total., 


—  —      1193         — 


178  — 


67 


complement  which  causes  complete  lysis  of  the  negative  control.  (3)  The  next 
two  groups  (III  and  IV)  taken  together  show  in  the  second  tube  the  same  range 
of  lysis  as  is  given  by  the  negative  control  serum  in  the  first.  Since  the  ratio 
of  the  amounts  of  complement  in  the  first,  second,  and  third  tubes  was  in 
all  cases  as  1  :  2  :  3  these  sera  (III  and  IV)  taken  all  together  require  therefore 
twice  as  much  complement  as  do  the  negative  controls,  also  taken  all  together, 
to  allow  of  a  given  degree  of  lysis.  To  compare  in  detail  Groups  III  and  IV 
with  the  negative  control  is  a  more  difficult  matter ;  for  instance,  the  opinion 
to  be  formed  of  sera  in  Group  III  will  depend  upon  whether,  on  the  day  in 
question,  the  negative  control  falls  in  Group  I  or  Group  II.  The  most  satis- 
factory comparison  is  that  between  a  serum  in  Group  IV  and  the  negative 
control  in  Group  II ;  here  one  can  state  definitely  that  the  respective  amounts 
of  complement  required  to  produce  90  to  98  per  cent,  of  lysis  are  as  1:2. 
A  negative  control  in  Group  I  is  a  less  satisfactory  basis  for  comparison, 
since  one  cannot  tell  whether  or  not  the  amount  of  complement  present  is 
in  excess  of  that  required  to  produce  complete  lysis. 

It  is  noteworthy  that  of  the  cases  in  Groups  III  and  IV  the  percentage 
which  had  undergone  anti-syphilitic  treatment,  is  twice  as  great  as  that 
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prosonf  in  tlic  w  liolc  scries  (r()ii«^'lily  28  per  cent,  and  II  per  cent,  respectively). 
The  liiLrli  ])i()i)()iii(tn  of  treated  cases  in  tlicscr  ^r()U])S  is  dne  to  two  factors: 
(I)  in  tlic  course  of  cure,  thc^  serum  of  a  jxMSon  wlio  has  f^iven  a  positive 
reaction  must  ])jiss  hack  throu^^di  tliis  douhtful  zone;,  and  (2)  many  persons 
are  now  trciilcd  hcforc^  tlieir  serum  has  (hivehiped  the  full  })Ositive  reaction; 
this  will  occur  e,s])ecially  in  clinics  where  the  examination  for  spirochaetes  is 
systematically  carried  out. 

The  general  results  derived  from  Series  III  are  as  follows: 

(1)  A  lar<^e  lunnber  of  sera  (57-0  per  cent.)  require  for  complete  lysis 
not  more  than  150  per  cent,  of  the  complement  which  causes  complete  lysis 
with  the  negative  control. 

(2)  A  comparatively  small  number  (7-5  per  cent.)  require  from  150  to 
200  per  cent,  of  this  amount.  It  is  noteworthy  that  this  group  contains  a 
greater  proportion  (double)  of  cases  known  to  have  been  treated  than  any 
other. 

(3)  The  remainder  (34  per  cent.)  require  more  than  200  per  cent,  of 
complement.  Two-thirds  of  these  shows  no  lysis  with  300  per  cent,  of  the 
complement  which  lyses  the  negative  control  completely. 

These  results  are  therefore  confirmatory  of  those  given  in  the  preceding 
section  in  the  following  points:  (1)  the  frequency  distribution  of  the  sera 
shows  an  abrupt  fall  in  the  region  corresponding  roughly  to  Group  IV  of 
Series  I  and  II,  namely,  where  the  amount  of  complement  required  to  produce 
complete  lysis  reaches  150  to  200  per  cent,  of  that  required  by  the  negative 
controls  collectively.  (2)  This  region,  which  it  is  proposed  to  regard  as  that 
of  "suspicious"  sera,  shows  a  very  high  proportion  of  treated  cases;  and 
it  is  certain  that  such  cases  must  always  yield  a  large  number  of  reactions 
which  are  doubtful  on  any  system  of  diagnosis. 

(b)  Comparison  of  the  proposed  method  of  diagnosis  with  that 

PREVIOUSLY  USED. 

When  the  sera  included  in  Series  I  were  submitted  to  the  Wassermann  test, 
now  several  years  ago,  the  diagnoses  were  then  made  on  the  system  stated 
on  p.  88  above,  under  which  a  positive  serum  must  require  at  least  five  doses 
of  complement,  in  addition  to  the  amounts  inhibited  by  the  serum  and  the 
antigen  separately,  to  allow  of  complete  lysis  of  the  test  corpuscles.  One  can 
now  compare  these  original  diagnoses  with  those  suggested  by  the  subsequent 
examination  of  the  results  which  forms  the  subject  of  the  present  paper. 
This  comparison  is  presented  in  Table  VII  and  it  will  be  seen  that  there  is 
a  close  agreement  between  the  diagnoses  arrived  at  on  the  earlier  and  the 
later  systems^. 

The  new  data  brought  forward  in  this  paper  have  suggested  that  (1)  a 
serum   in  order  to  be  counted  as  negative  must  allow  complete  lysis  with 

1  Many  of  the  diagnoses  in  Series  II  arc  not  now  available,  80  that  the  comparison  in  that 
Series  cannot  bo  made. 
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not  more  than  150  per  cent,  of  the  amount  of  complement  required  by  the 
negative  control ;  (2)  a  positive  serum  must  require  not  less  than  200  per  cent, 
of  this  amount,  and  (3)  sera  in  the  intervening  zone  nmst  be  regarded  as 
doubtful.     Now  it   is  seen  in  the  table  of  original  diagnoses  that:   (1)   no 

Table  VII. 

Comparison  of  the  proposed  method  of  diagnosis  with  that  previotisly  \ised. 
* 

Amounts  of  complement  Original  diagnoses 

giving  complete  lysis  Series  I 


(100  gives  complete  lysis 

with  negative  control)  -  ?  + 

50-100  229  0  0 

101-125  12  1  0 

126-140  11  3  0 

141-150  9  4  0 

151-175  0  5  1 

176-200  0  4  8 

201-225  0  3  9 


226-250 
251-275 
276-300 
301-325  I 
326-500 j 


V  0  0  186 


negatives  occur  above  150;  (2)  the  doubtful  cases,  though  extending  below 
150  and  above  200,  attain  their  maximum  between  these  two  points ;  (3)  there 
is  only  one  positive  below  175;  (4)  above  225,  all  were  diagnosed  as  positive. 
The  original  "5  dose  rule"  was  arrived  at  by  the  combined  clinical  and 
laboratory  examination  of  a  large  number  of  cases;  hence  the  fact  that  it 
gives  diagnoses  in  general  agreement  with  those  which  would  be  made  on 
the  new  system  put  forward  here  provides  valuable  support  for  the  latter. 
Discrepancies  in  the  case  of  sera  in  the  doubtful  zone  are  bound  to  occur 
when  such  results,  obtained  on  different  days  with  complements  of  varying 
deviability,  are  pooled.  Thus,  nine  sera  were  diagnosed  as  positive  which 
would  be  considered  doubtful  by  the  new  rule ;  on  the  other  hand,  three  sera 
originally  returned  as  doubtful  would  now  be  called  positive.  The  discrepancies, 
therefore,  amount  to  only  2-5  per  cent,  and  do  not  involve  any  transference 
from  the  negative  to  the  positive  category  or  vice  versa.  In  the  face  of  this 
difficulty,  the  agreement  between  the  two  systems  seems  to  be  quite  as  close 
as  can  be  expected.  Of  course,  the  delimitation  of  the  "doubtful"'  region 
must  always  be  a  difficult  and  wholly  arbitrary  matter. 

VIII.   THE  APPLICATION  OF  THE  RESULTS  IN  DIAGNOSIS. 

In  practice  a  compromise  has  to  be  made  between  (1)  the  large  number 
of  tubes  which  is  needed  to  show  adequately  the  range  of  lysis  with  each 
serum,  and  (2)  the  small  number  of  tubes  which  is  practicable  in  routine 
testing  on  a  large  scale.  Latterly  we  have  used  three  tubes  (exclusive  of  the 
serum  control)  containing  amounts  of  complement  in  the  ratio  of  1:2:3; 
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these  amounts  })ein^'  siicli  us  to  ^nvc  2,  i,  and  (\  m.ii.d.  in  accordance  with  tlie 
preHininarv  estimation  of  the  (hme  (see  note  J  at  tlie  end  of  this  paper). 
With  this  airan«,M'nHMit  tlie  <,M-eat  majority  of  sera  will  fall  into  two  classes, 
namely,  {A)  ne«,'atives,  sh()vvin<,'  in  the  first  tube  the  same,  or  nearly  the  same, 
de^'ree  of  lysis  as  does  the  ne^^ative  control  in  this  tube;  and  {/i)  ])ositives, 
showing  in  the  second  tube  either  nearly  the  same  degree  of  lysis  as  does  the 
negative  control  in  the  first  (weak  positives),  or  less  than  this  (diagnostic 
positives)* ;  i.e.  the  positive  sera  deviate  not  less  than  twice  as  much  comple- 
ment as  does  the  negative  control.  For  the  diagnosis  of  the  weakest  positives, 
it  is  very  desirable  that  the  negative  control  should  not  show  complete 
lysis  in  the  first  tube,  so  that  an  exact  comparison  can  be  made.  It  is,  of 
course,  the  sera  intermediate  between  the  classes  (A)  and  (B)  above  which 
cause  difficulty.  In  the  series  of  tubes  described  above  there  is  no  provision 
for  exact  observation  of  the  "doubtful"  class  which  requires  from  150  to 
200  per  cent,  of  the  amount  of  complement  required  by  the  negative  control ; 
on  this  account  it  seems  that  2,  3,  and  4  doses  of  complement  would  be 
preferable  to  the  2,  4,  and  G  doses  used  in  the  work  which  led  subsequently 
to  these  conclusions.  It  would  certainly  be  advisable  to  use  the  2,  3,  4  dose 
range  when  retesting  suspicious  sera.  When  2,  4  and  6  doses  are  used,  and 
one  requires  to  pick  out  the  150  per  cent,  group  of  sera,  one  has  to  assume 

Table  VIII. 
Scheme  of  diagnosis  of  negative,  suspicious  and  weak  positive  sera. 

Percentage  of  lysis 

A ^ 

Tube  1  2  3 


Type  I 


Type  II 


Complement  m.h.d. 
Known  negative 

j  Patients'  sera 

I  Known  negative 
Patients'  sera 


Ratio  1 
100 

60-70 

50  or  less 

20-80 

90 

(  40  or  more 
-'  Less  than  40 
I  Less  than  40 


Diagnosis 


—  (Control) 

—  Negative  (border  line) 

—  Suspicious 
100  Weak  positive  (lowest  limit) 

—  (Control) 

—  Negative  (border  line) 
More  than  90    100  Suspicious 

Less  than  90     100  Weak  positive  (lowest  limit) 


100 

100 

95-98 

100 
100 


Note  1.  The  range  of  lysis  given  for  the  negative  control  is  the  same  as  that  observed  on  66 
occasions  in  Series  III  (Table  VI). 

2.  Very  abrupt  increase  of  lysis  (e.g.  faint  trace  in  one  tube  and  complete  in  the  next)  is 
suggestive  of  possible  errors  in  technique,  as  is  likewise  a  very  gradual  increase  (e.g.  very  marked, 
almost  complete,  just  complete,  in  the  three  tubes)  and  it  is  well  to  retest  such  sera,  though  some 
will  be  found  to  act  constantly  in  this  way. 

1  It  is  to  be  understood  that  there  are  two  criteria  of  positive:  firstly  the  absolute  positive 
which  is  required  for  diagnosis  in  an  unknown  case,  and  to  which  one  would  swear  in  a  court  of 
law,  and  secondly  the  weak  positive  or  suspicious  reaction,  which  is  as  good  as  positive  in  a  case 
of  known  treated  syphilis  or  in  one  which  had  reacted  positive  i>rior  to  treatment:  the  latter 
reaction  might  be  termed  the  therapeutic  positive  in  contra-distinction  to  the  former,  the  dtagnositc 
positive. 
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that  a  serum  which  requires  150  per  cent.,  or  3/2  of  the  complement  required 
by  the  negative  control,  should  theoretically  show  2/3  or  66  per  cent,  lysis 
(i.e.  distinct)  with  the  amount  which  gives  complete  lysis  with  the  negative 
control.  A  general  scheme  of  diagnosis  suggested  by  these  considerations  is 
given  in  Table  VllI  (p.  103).  It  is,  of  course,  impossible  to  state  any  such 
method  in  a  form  which  can  be  applied  mechanically  in  all  cases.  In  proportion 
as  the  negative  control  serum  deviates  more  or  less  complement  on  any 
particular  day,  so  must  the  classification  of  patients'  sera  be  shifted  in  one 
or  the  other  direction;  the  table  is  intended  to  provide  a  basis  for  judging 
of  the  results  in  this  way. 

Use  of  a  positive  control. 

In  addition  to  the  negative  control,  a  positive  control  serum  should,  of 
course,  always  be  included  in  each  series ;  the  latter  should  be  comparatively 
weak,  giving  complete  lysis  with  the  highest  amount  of  complement  used. 
When  the  same  positive  control  is  employed  on  repeated  occasions  one  obtains 
a  check  upon  the  deviability  of  the  complement ;  thus  if  the  positive  control 
on  a  given  day  requires  less  complement  than  usual  to  give  complete  lysis, 
one  knows  that  a  less  deviable  complement  has  been  used  and  therefore  that 
more  significance  attaches  to  suspicious  or  weakly  positive  results  and  vice 
versa. 

The  serum  control. 

The  action  of  each  patient's  serum  on  complement  when  salt  solution  is 
substituted  for  the  "antigen"  should  never  be  omitted,  since  occasionally 
human  sera  are  met  with  which  are  abnormally  inhibitory  toward  complement 
(see  Kennaway  and  Wright).  Any  serum  which,  along  with  two  doses  of 
complement,  gives  less  than  almost  complete  lysis,  is  abnormal  in  this  respect 
and  should  be  retested,  since,  of  course,  such  inhibitory  action  will  vitiate 
the  result. 

SUMMARY. 

Examination  of  the  records  of  a  large  number  of  quantitative  Wassermann 
tests  has  suggested  a  new  and  simple  criterion  of  a  positive  reaction.  This 
is  based  upon  a  comparison  of  the  amounts  of  complement  giving  complete 
lysis  with  any  given  serum,  and  with  the  negative  control,  respectively. 
Reasons  are  given  for  regarding  this  criterion  as  more  satisfactory  than  that 
in  common  use.  Details  are  given  of  the  methods  employed  for  the  selection 
of  a  negative  control  serum,  the  estimation  of  degrees  of  lysis,  and  the 
provision  of  a  suitable  range  of  amounts  of  complement. 
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NOTK  I. 

Till',  Amoi'.nts  ok  CoMi'LKMKN'r  rsKi)  i\   Wasskrmann  Tksts. 

Tlic  considcrat  ion  ol  the.  icsulls  ol  VVasHtTiiKinii  l,(;.st.s  is  facilitated  il  the 
diiTerent  amounts  of  complement  used  bear  a  simple  ratio  to  one  another 
and  il  is  jncfcrahic  that  these  amounts  should  contain  wliole  numbers  of 
haeiiiolN  t  ic  doses;  the  latter  arran^ijement  is  esy)ecially  to  be  recommended 
if  the  results  are  to  be  used  for  statistical  ])urpose8.  Unfortunately  the 
haemolytic  dose  as  estimated  in  the  course  of  the  actual  test  of  the  sera 
(com})lement  control)  is  not  always  the  same  as  that  found  in  the  preliminary 
test  of  the  complement,  in  the  lij^ht  of  which  the  amounts  to  be  used  in  the 
actual  test  are  selected;  hence  adherence  to  any  system  of  dosage  sometimes 
breaks  down  in  practice.  However,  the  following  scheme  has  been  found 
useful  (Table  IX). 

Table  IX. 

Number  of  Haemolytic  Doses  to  be  used  (for  three  tubes  of  antigen  plus 

patient's  serum). 
Haemolytic  dose  (for  0-5  c.c.  of  3  per  cent,  red  corpuscle  suspension 


Amounts  of  comple- 
ment giving  number  of 
doses  required 

\ —  -  -  —  —  '  I  ' 

sensitised  with  5  doses  of  immune 

body) 

0-0025  c.c. 

0-005  c.c. 

00075  c.c, 

001  c.c. 

•01  c.c. 

4  doses 

2  doses 

•015  „ 

— 

— 

2  doses 

•02     „ 

8     „ 

4     „ 

— 

2  doses 

•03     „ 

12     „ 

6     „ 

4     „ 

•04     „ 

— 

— 

—  ■ 

4     „ 

•045  „ 

— 

— 

6     „ 

•06     „ 

— 

— 

— 

6    „ 

NOTE  II. 

Proportions  of  Positive  and  Negative  Sera. 

It  is  of  interest  to  note  the  proportions  of  negative  and  positive  sera 
observed  in  ordinary  hospital  practice,  as  shown  in  Table  X.  In  Series  I 
and  IV  the  liver-lecithin-cholesterol  antigen  was  used  and  in  Series  III  heart 


Table  X. 

Liver-lecithin-cholesterol  antigen 

Heart -cholesterol 

Results 
(per  cent.) 

Negative 
Suspicious    ... 
Weak  positive 
Positive 

Series  I 
(485  sera) 

53-8 
4-1 
2-6 

39-5 

Series  IV  ' 
(508  sera) 

53-6 

70 

2-9 
36-5 

Series  I  and  IV 
combined 
(993  sera) 

53-8 

5-6 

2-8 
37-8 

antigen 

Series  III 
(1193  sera) 

59-6 

2-7 

2-3 
354 

1000 


1000 


l(K)-0 


1(H)0 


1  The  analysis  of  Series  I\'  in  the  manner  described  in  this  pajx'r  was  not  carried  out  owing 
to  the  number  of  occasions  on  which  the  point  of  just  complete  ly.sis  with  the  negative  control 
serum  could  not  be  observed. 
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extract  plus  cholesterol.   The  strongest  positives  ol   Series  I,   which  were 
omitted  from  Fig.  2  (see  p.  96),  are  of  course  included  here. 

The  heart-cholesterol  antigen  appears  to  give  the  slightly  smaller  number 
of  suspicious  results,  but  the  number  of  weak  positives  is  the  same  with 
both  antigens.  An  unquahfied  return  of  "negative"  or  "positive"  was  made 
in  92-95  per  cent,  of  the  cases. 
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TIIK  MILK  SUIMM.Y  OF  THE  (1TV  OF  EDINBURGH. 

By  ANDKKW  CUNNIN(;I[AM,  B.Sc.  and  B.  A.  TilORl^E. 
(Bacteriohgij  Dcpt.,  Edinburgh  and  East  of  Scofhind  College  of  Agriculture.) 

The  objects  of  the  investitrations  described  in  this  paper  were: 

(1)  To  obtain  data  on  the  bacteriolo<i;ical  (juality  of  the  milk  supply  of 
the  city  of  Edinburgh; 

(2)  To  compare  such  data  with  similar  information  for  other  cities; 

(3)  To  demonstrate  the  value  of  certain  biochemical  tests  for  milk,  at 
present  little  used  in  this  country. 

In  the  past  a  large  amount  of  investigational  work  has  been  carried  out 
along  the  general  lines  of  the  present  enquiry.  But  frequently  too  much  stress 
has  been  laid  on  the  total  amount  of  the  bacterial  contamination  of  milk 
and  too  little  attention  paid  to  its  quality.  A  milk  containing  several  hundreds 
of  intestinal  lactose-fermenting  organisms  per  c.c.  is  much  more  likely  to 
have  injurious  effects  on  the  consumer  than  one  containing  several  millions 
of  normal  lactic  acid  bacteria  in  the  same  quantity.  Thus,  it  is  of  considerable 
importance  to  have  a  method  for  the  examination  of  milk  which  will  rapidly 
and  fairly  accurately  demonstrate  the  nature  of  the  bacterial  contamination. 
The  milk  fermentation  test,  which  will  be  described  in  this  paper,  fulfils  these 
requirements. 

In  milk  investigations  and  other  work  account  must  also  be  taken  of 
the  quantity  of  bacterial  contamination.  This  is  generally  determined  by 
plating  known  dilutions  on  ordinary  or  whey  agar.  Results  are  not  obtained 
much  inside  a  week  and  a  considerable  amount  of  special  apparatus  is  required. 
The  reductase  test  from  which  results  can  be  got  in  a  few  hours  is  much  more 
convenient  and  gives  sufficiently  reliable  indications  of  the  quantity  of 
bacterial  contamination. 

METHODS. 

Sampling.  The  samples  used  in  this  work  were  taken  in  small  sterile 
milk  cans.  The  can  was  taken  to  the  milk  shop  and  the  milk  bought  under 
the  same  conditions  as  applied  to  sales  to  the  general  public.  The  samples 
were  immediately  taken  to  the  Laboratory  and  examined. 

The  following  tests  were  carried  out  for  each  sample: 

(1)  Determination  of  Bacterial  Content.  Counts  were  made  in  the  usual 
w^ay  by  the  dilution  method  on  whey  agar  at  22°  C.  (incubated  for  10  days). 
Powdered  chalk  was  added  to  the  medium  before  it  solidified  to  distinguish 
acid-producing  colonies.  The  acid  formed  by  the  latter  dissolves  the  chalk 
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in  their  neighbourhood:  thus  acid-forming  colonies  are  surrounded  by  a  clear 
zone  in  the  otherwise  turbid  medium. 

(2)  Determination  of  Content  of  Lactose  Fermenters.  Known  dilutions  of 
the  milk  were  inoculated  into  bouillon  containing  1  %  lactose  in  test  tubes, 
each  containing  a  fermentation  tube.  The  bouillon  was  incubated  at  37^^  C. 
for  three  days  and  the  presence  or  absence  of  gas  formation  in  the  various 
dilutions  noted. 

(3)  Reductase  Test.  This  test  depends  on  the  power,  possessed  by  all 
bacteria,  of  reducing  and  decolourising  solutions  of  certain  stains.  Thus  the 
higher  the  bacterial  content  of  a  milk  sample  the  more  quickly  does  it  de- 
colourise the  stain.  40  c.c.  of  the  milk  sample  were  taken  in  a  sterile  boiling- 
tube  and  1  c.c.  dilute  methylene  blue  solution  (5  c.c.  saturated  alcoholic 
solution  stain  -f  195  c.c.  distilled  water)  added.  The  tube  was  incubated  at 
37°  C.  and  the  time  required  for  the  decolourisation  of  the  stain  noted. 

(4)  Fermentation  Test.  40  c.c.  of  the  milk  sample  were  placed  in  a  sterile 
boiling-tube  and  incubated  for  24  hours  at  37°  C.  The  resulting  curd  is  a 
good  guide  to  the  nature  of  the  bacterial  contamination.  The  following  are 
the  chief  types : 

{a)  Milk  remains  liquid:  contains  few  bacteria, generally  only  micrococci 
from  the  inside  of  the  cow's  udder,  which  have  little  action  on  milk. 

(6)  Curd  gelatinous  and  uniform  with  no  whey:  sample  contains  chiefly 
true  lactic  acid  organisms. 

(c)  Curd  gritty:  sample  contains  considerable  numbers  of  true  lactic 
acid  bacteria  and  also  sporing  rods  from  dirty  milk  vessels,  dust,  air,  etc. 

(d)  Curd  cheesey:  sample  contains  mainly  sporing  rods. 

(e)  Curd  blown :  abundant  gas  formation :  milk  contains  large  numbers 
of  intestinal,  lactose-fermenting  organisms. 

A  good  quality  milk  should  give  a  curd  of  type  (a)  or  (h)\  i.e.  it  should 
contain  only  organisms  to  be  regarded  as  normal  to  milk.  Contaminated 
milk  will  give  a  gritty,  cheesey  or  blown  curd.  The  last  named  is  to  be  regarded 
as  the  worst :  next  comes  the  cheesey  type,  followed  by  the  gritty  which  may 
be  only  slightly  inferior  to  the  gelatinous. 

(5)  Catalase  Test.  Milk  possesses  the  power  of  liberating  oxygen  from 
hydrogen  peroxide.  The  constituents  of  milk  responsible  for  this  change  are 
the  bacteria  and  enzymes  and  the  animal  cells  derived  from  the  inside  of 
the  cow's  udder.  But  all  the  bacteria  in  milk  cannot  liberate  oxygen  from 
hydrogen  peroxide:  the  most  notable  exceptions  are  the  true  lactic  acid 
bacteria.  10  c.c.  of  the  milk  sample  were  mixed  with  5  c.c.  hydrogen  peroxide 
(1  %)  and  the  gas  evolved  during  24  hours  at  37°  C.  measured.  Koestler's 
apparatus  was  employed. 

(6)  Sediment  Test.  10  c.c.  of  milk  were  placed  in  a  centrifuge  tube  and 
warmed  to  60°  C.  The  tube  was  then  centrifuged  for  5  minutes.  Observations 
were  made  on  the  quantity,  colour  and  nature  of  the  sediment  from  which 
a  film  was  made  and  stained  with  aqueous  methylene  blue. 
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DISCUSSION  OF  RKSULTS. 
The  K'sulfs  obtaiiiod  from  the  oxaniiiiation  of  40  samples  of  Edinbuif^^h 


milk 

:  aw  shown  in  Tahh' 

1. 

Hiirteria 
I'-         per  c.A': 

Aiiil  iii()ilu(«!rH 

Table  T. 

Non  iicid 
prodiuuTK 

per  c.c.             o/o 

in 
lirH. 

I.iwrtrmc 
l''eriii<'iit<!rH 

Iter  c.c.          o/o 

Kermenfallon 
teot 

-I 

Cata- 

No  of 

Cm 

roritia 

Hon 

I-      Type 

of  VMT<\ 

lawj 

sniii])l( 

per  C.C. 

%, 

(*.  c. 

oxygen 

1 

270. 000 

1 30,000 

48 

140,000 

52 

>5J 

500 

•185 

J/* 

SI.  gritty 

'  — 

2 

:}')(). 000 

20,000 

() 

330,000 

94 

>5J 

1 

•000 

— 

Liquid 

17 

3 

100,000 

35,000 

35 

65,000 

65 

>5i 

500 

■500 

— 

SI.  gritty 

2-4 

4 

20.000,000 

26,000,000 

90 

3,000,000 

10 

4 

10,000 

•034 

Hi        - 

2-5 

5 

20,000 

<  10,000 

<50 

>  10,000 

>50 

>5i 

500 

2-500 

n 

— 

1-9 

6 

280,000 

230,000 

82 

50,000 

18 

>5i 

100 

•036 

li 

— 

25 

7 

160,000 

50,000 

31 

1 10,000 

69 

4 

5,000 

3- 125 

n 

— 

3-2 

8 

120,000 

50,000 

42 

70,000 

68 

>5i 

10 

•008 

— 

Cheesey 

19 

9 

310,000 

280,000 

90 

30,000 

10 

>5i 

10 

•003 

— 

Gritty 

21 

10 

130,000 

30,000 

23 

100,000 

77 

>5^ 

10 

•008 

(/ 

ChecHey 

19 

11 

90,000 

30,000 

33 

60,000 

67 

>5J 

10 

•Oil 

B 

— 

24 

12 

3,300,000 

160,000 

5 

3,140,000 

95 

^ 

100 

•oo:i 

'.1 

Cheescy 

21 

13 

280,000 

70,000 

25 

210,000 

75 

>5.i 

100 

•036 

il 

«> 

3-2 

14 

230,000 

150,000 

65 

80,000 

35 

>5i 

10 

•004 

— 

Gritty 

19 

15 

800.000 

500,000 

62 

300,000 

38 

>5i 

100 

•012 

— 

»» 

2-6 

16 

165,000 

80,000 

48 

85,000 

52 

>5i 

10 

•00(5 

— 

>> 

1-9 

17 

210,000 

70,000 

33 

140,000 

67 

^ 

100 

•048 

U 

>> 

21 

18 

600,000 

90,000 

15 

510,000 

85 

>5i 

10 

•002 

y 

Cheesey 

1-2 

19 

320,000 

70,000 

22 

250,000 

78 

4 

1,000 

•312 

— 

>> 

20 

20 

160,000 

40,000 

25 

120,000 

75 

>5i 

100 

•063 

B 

— 

15 

21 

170,000 

60,000 

35 

110,000 

65 

>5l 

1 

•000 

— 

Gritty 

1-9 

22 

60,000 

15,000 

25 

45,000 

75 

>5i 

10 

•017 

— 

Cheesey 

14 

23 

600,000 

350,000 

58 

250,000 

42 

>5^ 

— 

•000 

— 

Si.  gritty 

37 

24 

390,000 

140,000 

36 

250,000 

64 

>5^ 

1 

•000 

— 

Cheesey 

225 

25 

3,050,000 

1,000,000 

33 

2,050,000 

67 

3i 

100 

•003 

U 

>> 

4^8 

26 

1,500,000 

180,000 

12 

1,320,000 

88 

4 

1,000 

•067 

B 

— 

45 

27 

960,000 

400,000 

42 

560,000 

58 

>5i 

10 

•001 

— 

Cheesey 

21 

28 

280,000 

140,000 

50 

140,000 

50 

>5i 

100 

•036 

B 

— 

15 

29 

29,000,000 

1,000,000 

3 

28,000,000 

97 

21 

10 

•000 

— 

Cheesey 

2-6 

30 

420,000 

190,000 

45 

230,000 

55 

>5^ 

1,000 

•238 

B 

— 

1-2 

31 

450,000 

250,000 

56 

200,000 

44 

5 

1,000 

•222 

B 

— 

21 

32 

9,300.000 

9,200,000 

99 

100,000 

1 

4 

1,000 

•Oil 

— 

Si.  gritty 

39 

33 

12,500.000 

7,500,000 

60 

5,000,000 

40 

H 

10 

•000 

— 

Gritty 

2  1 

34 

120,000 

35,000 

29 

85,000 

71 

>5i 

100 

•083 

— 

SI.  gritty 

17 

35 

1,250,000 

700,000 

56 

550,000 

44 

>5i 

10 

•000 

— 

»> 

46 

36 

450,000 

200,000 

56 

250,000 

44 

>5J 

50 

•Oil 

— 

»» 

50 

37 

155,000 

130,000 

84 

25,000 

16 

5 

— 

•000 

B 

— 

63 

38 

160,000 

70,000 

44 

90,000 

56 

>5J 

— 

•000 

9 

Cheesey 

46 

39 

.125,000 

15,000 

12 

110,000 

88 

>5i 

— 

•000 

— 

»• 

64 

40 

60,000 

500 

1 

59,500 

99 

>5i 

1 

•002 

— 

»• 

39 

*  g=  .slight 

gas  fo 

rmation. 

t 

/)'     bl()\^Ti  curd 

Bacterial  Counts.  The  bacterial  content  of  the  samples  examined  varied 
from  20,000  to  29,000,000  per  c.c.  or  just  over  2,500,000  on  the  averajze. 
But  an  average  of  figures  varying  so  widely  does  not  convey  much :  the  few 
samples  with  a  content  of  over  1,000,000  were  in  many  cases  badly  con- 


no  Milk  SuppU/  of  Eilhihnnili 

taminated  and  so  «^'reatly  raised  the  averaj^e.  A  better  and  fairer  idea  of  the 
extent  of  the  bacterial  contamination  is  »^ot  by  chissifyin<^  the  counts.  Four  of 
the  samples  (10%)  contained  fewer  than  100,000  or<;anisms  per  c.c;  24 
(^>^  %)  gave  counts  varying'  from  100,000  to  500,000;  four  (10  "/j  <,'ave  results 
between  500,000  and  1,000,000  and  eight  samples  (20  %)  showed  more  than 
1,000,000  bacteria  per  c.c.  Thus  the  majority  of  the  samples  show  counts 
varying  from  100,000  to  500,000  per  c.c. 

These  figures,  when  compared  with  those  for  other  cities,  do  not  appear  to 
be  abnormally  large— though  they  could  be  greatly  lowered  by  the  introduc- 
tion of  better  methods  of  production  and  handling  of  milk.   Table  II  (i)  shows 

Table  II. 


Year 

City 

Bacteria  per  c.c. 

1885 

Amsterdam 

2,500,000- 

10,500,000 

1889 

Munich 

200,000- 

6,000,000 

1889 

Wiirzburg 

1,000,000- 

2,000,000 

1891 

Halle 

6,000,000- 

30,000,000 

1892 

Giessen 

83,100- 

169,632,000 

1892 

Wiirzburg 

1,200,000- 

7,200,000 

1893 

Dorpat 

2,000,000- 

117,000,000 

1894 

Christiania 

160,000-  45,000,000 

1895 

Petrograd 

400,000- 

115,300,000 

1895 

Middletown 

11,000- 

8,500,000 

1898 

Guelph 

121,000- 

1,200,000 

1898 

Konigsberg 

12,500- 

21,500,000 

1899 

Helsingfors 

20,000- 

34,300,000 

1900 

Dresden 

250,000- 

5,478,000 

1901 

New  York 

250,000- 

30,000,000 

1904 

Middletown 

8,000- 

3,000,000 

1905 

Madison 

35,000- 

2,000,000 

1905 

Raleigh 

34,000- 

6,768,000 

1905 

Moscow 

100,000- 

7,000,000 

1907 

Raleigh 

1,200- 

54,000,000 

1907 

London 

20,000- 

8,000,000 

1907 

Berlin 

43,000- 

11,500,000 

1907 

Munich 

204,000- 

4,251,000 

1907 

Budapest 

52,800- 

18,000,000 

1909 

Chicago 

10,000- 

18,000,000 

corresponding  data  for  25  other  cities — from  results  published  between  1885 
and  1909.   Since  that  date  the  main  figures  published  are  summarised  below : 

Table  III. 

Year  City  Bacteria  per  c.c.  Authority* 

1910  Copenhagen  400,000-  32,000,000  (2) 

1910  Lisbon  73,000-27^000,000  (3) 

1911  St  Paul.  Minn.  A  verage=   8,206,000  (4) 

1911  Chicago  10,000-100,000,000  (5) 

1912  Leipzig  27,500-142,000,000  (6) 
1912         Washington        Under  500,000  =  359^^:  over  500,000  =<>5%        (7) 

1912  New  York  „       100,000  =  83%:  over  100,000  =  17%        (8) 

1913  Moscow  13,000-  82,500,000  (9) 
1917         Geneva,  N.Y.     Under  200,000  =  88%:  over  200,000  =  12%      (10) 

'''  See  numbered  references  at  end  of  this  Paper. 
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It  will  be  seen  that  the.  fi«^uros  obtained  here  compare  (|uitc  well  with 
those  j^ot  for  other  cities — with  the  exc(^])tion  of  New  York  where  the  milk 
sii])plv  is  particularly  clean,  l^ut  it  is  well  to  l)ear  in  mind  that  many  of  the 
li^ures  cjiiotcd  ap})Iy  to  sam})lcs  taken  throughout  th(^  whole  year,  whereas, 
in  the  present  encjuiry,  we  have  dealt  exclusively  with  milks  obtained  during 
the  winter  months.  The  low  winter  temperature  would  naturally  favour  low 
bacterial  counts. 

liut  thoufjjh  the  fij^ures  obtained  compare  well  with  those  for  other  cities 
it  must  not  be  supposed  that  the  Edin])ur<^h  milk  sup])ly  is  particularly 
clean.  As  will  be  shown  later  the  nature  of  the  bacterial  contamination  is 
particularly  bad.  And,  in  addition,  great  reductions  in  total  bacterial  numbers 
will  have  to  be  made  before  the  supply  can  be  considered  a  really  clean  one. 

Reductase  Test.  The  standards  suggested  by  Barthel  and  Jensen  (ii)  for 
use  with  this  test  are  as  follows : 


Time  required 

Quality  of  milk 

for  reduction 

Bacteria  per  c.c. 

Good 

Longer  than  5\  hrs. 

About  500,0(K) 

Medium 

2-5i  hrs. 

500,000-  4,000,000 

Poor 

20  mins.-2  hrs. 

4,000,000-20,000,000 

Very  poor 

Under  20  mins. 

Over  20,000,000 

According  to  these  standards  28  of  our  samples  (70  %)  would  be  classed 
as  good  and  the  remaining  12  (30  %)  as  medium.  These  figures  correspond 
well  with  those  given  under  "Bacterial  Counts"  where  it  is  shown  that 
70  %  of  the  samples  gave  counts  under  500,000. 

Relation  between  Bacterial  Counts  and  Reductase  Test.  The  time  required 
for  reduction  corresponds  fairly  well  with  the  bacterial  counts  except  in  a 
very  few  cases.  Those  samples  which  contained  large  numbers  of  bacteria 
have,  in  practically  every  case,  shown  a  short  reduction  period :  while  generally 
where  the  numbers  of  bacteria  present  have  been  small  the  time  required 
for  reduction  has  been  fairly  long.  But  the  bacterial  counts  and  times  of 
reduction  do  not  correspond  well  with  those  laid  down  by  Barthel  and 
Jensen  (11)  (see  above)  and,  as  has  been  noted  by  Schroeter(6),  the  latter  would 
appear  to  require  some  modification.  Our  results  lead  us  to  the  conclusion 
that  a  milk  sample  which  reduces  within  5|  hours  generally  contains  1,000,000 
or  more  bacteria  per  c.c.  The  only  exceptions  in  the  present  investigation 
were  samples  7,  19,  31,  35  and  37.  The  only  case  in  which  the  reductase  test 
failed  to  show  a  milk  which  contained  more  than  1,000,000  organisms  per  c.c. 
was  sample  35,  and  here  the  bacterial  content  was  just  over  1,000,000  and  the 
sample  was  otherwise  a  comparatively  clean  one  (contained  fewer  than  -001  % 
of  lactose  fermenters).  In  the  four  cases  in  which  the  reductase  test  showed 
a  short  reduction  period  for  samples  containing  fewer  than  1 ,000.000  organisms 
per  c.c,  all  are  to  be  regarded  as  badly  contaminated  samples,  Nos.  7,  19 
and  31  contained  a  high  j)ercentage  of  lactose  fermenters:  No.  37  produced 
a  blown  curd  in  the  fermentation  test.   It  may  be  said,  therefore,  that  in  no 
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case  has  the  reductase  test  condemned  a  really  clean  sample  and  with  one 
exception — and  that  an  unimportant  one — it  has  never  failed  to  detect  a 
sample  containint;;  more  than  1,000,000  bacteria  per  c.c.  when  the  standard 
is  modified  as  above  suggested. 

Content  of  Lactose  Fermenters.  The  content  of  lactose  fermenters  varied 
widely  (from  0  to  10,000  per  c.c).  20  %  of  the  samples  contained  lactose 
fermenting  bacteria  in  numbers  of  1  or  under  per  c.c.  of  the  milk;  30% 
showed  these  organisms  in  numbers  from  1  to  10  per  c.c. ;  25  %  in  numbers 
from  10  to  100  per  c.c. ;  20  %  in  numbers  from  100  to  1000  per  c.c. ;  5  %  in 
numbers  from  1000  to  10,000  per  c.c. 

Various  standards  have  been  suggested  for  the  numbers  of  lactose  fermenters 
in  clean  milk.  Vanderleck(i2)  holds  that  they  should  not  constitute  more 
than  1  %  of  the  total  bacterial  count — a  standard  which  appears  to  err  on 
the  side  of  leniency  (cf.  Schroeter).  Savage  (13)  considers  that  in  winter  milk 
might  be  classified  as  follows  with  regard  to  its  content  of  lactose  fermenters : 

Pass  =  under  100  per  c.c. ;  Unsatisfactory  =  100-500  per  c.c. ;  Condemn  = 
over  500  per  c.c.  Kinyoun(M)  found  that  the  average  for  good  milk  was 
1  lactose  fermenter  per  50,000  other  bacteria  (-002  %)  while  dirty  milk 
contained  1  lactose  fermenter  per  555  others  (-180  %).  Ayers,  Cook  and 
Clemmer(i5)  found  lactose  fermenting  organisms  in  -01  c.c.  of  milk  in  a 
relatively  small  number  of  samples. 

From  the  data  given  by  Savage  and  by  Ayers,  Cook  and  Clemmer  it  seems 
not  unreasonable  to  expect  that  in  clean  milk  not  more  than  10  lactose 
fermenters  per  c.c.  should  be  found.  In  the  samples  examined  by  us  which 
showed  lactose  fermenters  in  numbers  up  to  10  per  c.c.  none  gave  a  percentage 
of  these  "organisms  in  the  total  count  higher  than  -02 — a  figure  which  corre- 
sponds well  with  the  data  given  by  Kinyoun. 

If  one  takes  the  standard  of  10  lactose  fermenters  per  c.c.  it  is  found  that 
20  samples  (50  %)  would  be  condemned.  Taking  the  standard  as  -02  %  of 
the  total  count,  15  samples  (37-5  %)  fail  to  satisfy  the  requirement.  Both 
of  these  percentages  are  abnormally  high  and  indicate  either  very  considerable 
original  contamination  with  undesirable  organisms  or  great  multiplication  of 
these  organisms  in  the  milk  on  keeping.  But  the  organisms  of  the  intestinal 
group  require  a  high  temperature  for  their  activity — somewhere  in  the 
neighbourhood  of  37°  C.  And  as  the  air  temperature  during  the  period 
covered  by  these  experiments  was  very  low  and  the  samples  were  generally 
found  to  be  well  cooled  in  the  retailers'  premises,  one  is  forced  to  the  con- 
clusion that  the  responsibility  for  the  high  counts  rests  mainly  on  the  pro- 
ducer. The  high  figures  for  lactose  fermenters  would  appear  to  be  due  to 
insufficient  attention  to  cleanliness  in  the  production  of  the  milk. 

Fermentation  Test.  The  results  of  this  test  are  given  in  two  columns 
headed  "Gas  formation"  and  "Type  of  curd."  In  the  former  only  those 
samples  which  produced  gas  are  noted :  in  the  latter  those  which  did  not  pro- 
duce blown  curds.    Eleven  samples  (27-5  %)  gave  blown  curds  while  eight 
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(20%)  produced  small  (jiiaiil  it  ies  of  irnH  in  the  tcKt.  These  resultH  are  far  from 
satisfactory  aiui  HU})|)ort  those  of  the  counts  of  lactose  fermenters  in  empha- 
sising the  undcsirabh^  nature  of  tin;  l)act(u*ial  contamination.  Tiiey  show  that 
about  half  of  the  sampU's  contain  lactose  fcrnicntcirs  in  dan^^erously  hij^li 
nuFuhcrs. 

'riicrc  is  no  very  marked  a'^reement  between  the  fornuition  of  gas  in  the 
fermentation   test   and   Ihe    inimber   of   hictose   fermenters   per  c.c.  or   the 
})ercenta}j:e  of  the  hitter  in  the  total  bacterial  count.    Generally,  however, 
the  badly  contaminated  milks  have  produced  blown  curds.  Further  the  test 
is  j)robably  a  fairer  one  both  from  the  public  health  and  dairying  points  of 
view  than  simple  counts  of  the  lactose  fermenters  because : 
(i)  a  large  quantity  of  milk  is  examined  (40  c.c), 
(ii)  it  is  carried  out  in  the  milk  itself. 
In  those  cases  where  the  gas-forming  organisms  have  taken  the  upper  hand 
in  the  fermentation  test  they  probably  would  have  done  so  if  the  milk  had 
been  consumed  or  if  it  had  been  made  into  cheese. 

Of  the  29  samples  which  did  not  show  a  blown  curd  in  the  fermentation  test 
only  one  remained  liquid :  14  gave  gritty  curds  and  14  cheesey  curds.  The 
sample  which  remained  liquid  (No.  2)  contained  a  very  low  percentage  of 
acid-producing  organisms  and  the  non-acid  producers  present  evidently  had 
little  action  on  milk.  None  of  the  samples  examined  gave  an  absolutely 
uniform  gelatinous  curd.  Thus  according  to  the  results  of  the  fermentation 
test  only  one  sample  could  be  considered  to  be  really  first  class. 

Milks  which  produce  a  gritty  curd  are  to  be  regarded  as  fairly  satisfactory. 
The  proportion  (35  %)  in  this  case  is  decidedly  low,  however,  when  one 
remembers  that  only  one  sample  can  be  classed  in  types  1  and  2.  In  the 
gritty  samples  the  percentage  of  non-acid  producers  varies  from  1  to  71. 

Samples  which  give  a  cheesey  curd  are  generally  highly  contaminated 
with  spore-bearing  organisms  from  fodder,  soil,  air,  improperly  sterilised 
milk  vessels,  etc.  35  %  of  the  samples  showed  cheesey  curds.  These  samples 
contained  56-99  %  of  non-acid  producing  organisms. 

Thus  of  the  40  samples  examined,  14  produced  cheesey  and  11  blown 
curds.  Both  types  are  unsatisfactory  and  indicate  high  contamination. 
Together  they  make  up  62-5  %  of  the  samples  investigated — a  proportion 
which  is  unduly  high. 

Catalase  Test.  The  figures  for  the  catalase  test  vary  widely  and  no  relation 
could  be  found  between  them  and  the  other  results. 

Sediment  Test.  The  amount  of  sediment  present  in  the  sanij)les  only 
exceeded  -1  %  in  one  case  (No.  3).  Generally  the  sediment  was  brownish 
in  colour  and  streptococci,  rods  and  cells  could  frequently  be  seen  in  it. 
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tSlTMMARY  AND  CONCLUSIONS. 

In  tests  of  40  samples  of  milk  from  the  supply  of  the  city  of  Kcliiiburj^h : 

(1)  The  bacterial  content  was,  on  the  average,  \n^\\  but  not  abnormally 
so  when  compared  with  that  of  the  milk  sn])j)ly  of  other  cities.  It  ranged 
from  20,000  to  2i),000,000  per  c.c. 

(2)  The  results  of  the  reductase  test  corres])onded  well  with  the  bacterial 
counts  and  the  test  is  recommended  for  obtaining  a  good  rough  idea  of  the 
bacterial  numbers  present,  where  results  are  required  in  a  short  time. 

(3)  About  half  of  the  samples  contained  lactose-fermenting  organisms 
in  unduly  high  numbers ;  this  is  attributed  chiefly  to  the  lack  of  attention 
to  cleanliness  in  production. 

(4)  The  value  of  the  fermentation  test  for  speedily  indicating  the  nature 
of  bacterial  contamination  is  pointed  out.  In  a  general  way  the  test  cor- 
roborated the  results  of  counts  of  the  lactose  fermenters  and  indicated  that  a 
number  of  the  samples,  which  did  not  produce  blown  curds,  contained  large 
numbers  of  undesirable  organisms. 

(5)  Taken  as  a  whole,  the  results  seem  to  indicate  not  so  much  particnlarly 
high  contamination  as  contamination  of  a  very  nndesirable  nature.  They 
point  to  the  necessity  of  educating  the  producer  and  distributor  in  the 
principles  underlying  the  production  of  clean  milk  and  emphasise  the  import- 
ance of  proper  control  of  the  industry  from  this  point  of  view. 
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TYPHUS  FEVEIi^ 
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(A  HHPORT  TO  Till-:  MKDK'AL  l{K<KAIl('}l  COrXCIL.) 

From  the  Public  Hcdlth  Ldlxtmtories,  Queen  a  U nivenit tf ,  Belfast. 

In  the  tirst  {)art  of  this  coimnunication  1  have  shown  that  in  Ireland  it  is 
possible  to  diairnose  Typhus  Fever  by  means  of  a  serolot^ical  test,  thereby 
contirniinfj  the  results  obtained  in  Germany,  Austria,  Russia,  Turkey,  Egypt, 
Palestine,  Mesopotamia,  France,  Italy,  Spain,  Holland,  and  Peru.  In  the 
second  part  I  have  traced  the  development  of  the  test  and  have  endeavoured 
by  a  review  of  the  literature  of  the  subject  to  offer  an  explanation  of  a 
phenomenon  which  opens  up  new  ground  in  the  field  of  immunity. 

PART  I. 

Most  authorities  believe  that  the  Widal  test  is  of  value  in  distinguishing 
between  Typhoid  Fever  and  Typhus  Fever.  From  a  wide  experience  of  the 
test  in  many  outbreaks  of  Typhus  Fever  I  can  state  that  in  certain  of  these 
the  Widal  test  is  uniform!}'  negative  whilst  in  others  it  is  in  a  considerable 
number  of  cases  as  markedly  positive  as  if  the  patients  were  suffering  from 
Enteric  Fever.  I  had  reached  this  conclusion  in  1908  as  the  result  of  investiga- 
tions made  in  conjunction  with  Dr  E.  H.  Milligan.  At  the  same  time  Patterson 
(1908)  in  Lanarkshire  showed  that  the  blood  serum  of  Typhus  Fever  cases 
can  agglutinate  the  Typhoid  bacillus  in  high  dilutions. 

In  1909,  I  pointed  out  that  in  certain  cases  the  sera  of  Typhus  Fever  not 
only  agglutinated  the  Typhoid  bacillus  but  also  a  late  lactose-fermenting 
coliform  bacillus  isolated  from  the  intestine  of  one  of  the  patients.  This 
coliform  bacillus  was  subsequently  proved  to  be  identical  with  a  bacillus 
isolated  by  T.  Horiuchi  from  cases  of  Manchurian  Typhus  Fever  and  which 
were  thought  by  this  observer  to  be  due  to  infection  with  his  bacillus.  I 
however  contented  myself  with  the  statement:  "The  fact  that  the  blood 
serum  of  typhus  fever  cases  in  Manchuria  and  in  Ireland  should  have  been 
independently  discovered  to  have  an  agglutinative  action  on  an  intestinal 
organism  is  rather  interesting,  but  whether  the  phenomenon  should  be  taken 
as  an  instance  of  specific  or  of  heterologous  agglutination  we  must  leave  for 
the  present  undecided." 

'  .\n  abstract  of  thi**  paper  waa  read  before  the  Pathological  Society  of  Great  Britain  and 
Ireland  at  its  meeting  in  Edinburgh  in  July  1919. 
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In  1910,  ill  a  paper  on  the  Etiology  of  Typhus  Fever,  I  pointed  out  that: 

(1)  From  the  faeces  of  one  case  a  variant  form  of  B.  coli  communis 
was  cultivated  on  which  the  blood  serum  of  17  Typhus  Fever  cases  was  found 
to  have  three  to  ten  times  the  at^glutinative  effect  of  normal  serum. 

(2)  From  the  urine  of  two  cases  a  bacillus  resembling  B.  coli  communis^ 
but  having  no  action  on  lactose,  was  cultivated.  This  bacillus  formed  blue 
colonies  on  the  Conradi-Drigalski  medium  and  was  regarded  by  me  as  an 
intestinal  micro-organism  but  whether  it  belonged  to  the  B.  coli  or  B.  froleus 
group  was  not  determined.  This  bacillus  was  agglutinated  in  dilution  of  1  in 
50  and  1  in  100  by  the  serum  of  the  cases  but  not  by  normal  serum.  As  to  the 
interpretation  of  such  facts  I  stated:  "The  results  obtained  by  Horiuchi, 
Patterson  and  ourselves  definitely  prove  that  in  Typhus  Fever  agglutinins 
for  the  typho-coli  group  of  micro-organisms  are  present  in  the  blood  serum 
of  the  patients,  but  the  knowledge  which  has  recently  been  acquired  with 
regard  to  the  presence  of  heterologous  agglutinins  in  Cerebro-Spinal  fever 
prevents  us  from  drawing  the  unwarranted  conclusion  that  the  presence  of 
a  bacillus  in  the  intestine  and  urine  and  the  discovery  of  agglutinins  for  it 
in  the  blood  indicate  that  such  an  organism  is  the  cause  of  the  disease  in 
question.  Though  future  research  may  show  that  the  causative  organism  of 
Typhus  Fever  is  in  no  way  related  to  diplococci  or  to  any  variety  of  intestinal 
organism  still  the  presence  of  agglutinins  for  these  organisms  in  the  serum 
probably  indicates  that  the  latter  are  infecting  the  patient.  We  are  now 
beginning  to  learn  that  the  body  in  infection  has  not  only  to  deal  with  the 
specific  microbe  and  its  toxins  but  also  with  certain  organisms  contained  in 
the  alimentary  canal  which  are  normally  saprophytic  but  which  in  the 
altered  conditions  of  metabolism  produced  by  disease  become  to  some  degree 
pathogenic." 

From  the  above  references  it  is  obvious  that  as  long  ago  as  1908  I  established 
the  presence  of  heterologous  agglutinins  for  intestinal  bacilli  in  the  blood 
serum  of  Typhus  Fever  cases.  The  recent  work  on  the  Weil-Felix  reaction 
is  an  amplification  of  my  investigations,  the  basis  of  the  test  being  the 
demonstration  of  heterologous  agglutinins.  The  micro-organism  employed  by 
Weil  and  Felix  is  a  proteus  bacillus  whereas  of  my  cultures  the  intestinal 
were  probably  genuine  varieties  of  the  B.  coli  and  the  urinary  varieties  of 
B.  proteus.  It  would  appear  from  the  wide  use  of  "  X  19,"  the  strain  of  B.  proteus 
most  commonly  employed  by  Weil  and  Felix  and  others,  that  this  bacillus  is 
the  most  suitable  for  the  detection  of  these  agglutinins. 

In  view  of  my  initial  work  on  the  subject  I  would  propose  that  the  test 
should  be  known  as  the  Wilson- Weil-Felix  reaction. 

Through  the  kindness  of  Dr  Arkwright  I  was  able  to  obtain  a  culture  of 
*'X  19"  and  to  employ  it  in  the  investigation  of  the  blood  sera  of  24  cases 
of  Typhus  Fever  which  occurred  in  Londonderry  during  December  1918  and 
in  the  early  months  of  1919.  Dr  Craig  the  Medical  Officer  of  Health  of  London- 
derry very  kindly  supplied  me  with  specimens  of  blood. 
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The  results  of  my  o})servati()Ms  may  he  summarized  as  follows: 

(!)  Of  li.'i  eases  (vxamined  tlie  a«;^lutiiiative  titre  of  the  sera  against 
an  (Miiulsiou  of  "\  19"  was  as  follows:  one  in  I  iti  10,  four  in  I  in  80,  five  in 
1  in  I (10,  three  1  in  .'iJO,  four  in  1  in  (1 10,  oni^  in  1  in  1280,  four  in  1  in  2r>f)0. 
Most  of  these  obsiTvations  wnc  nuuh^  during  th(5  second  week  of  the  disease. 
In  one  (Msc  f  lir  reaction  was  nci^Mtivc  in  I  in  "JOdihition  on  thti^tli  day  of  the 
disease  hut  a  week  later  aj^^dut  inat  ion  occurrcil  in  ;i  dihition  of  I  in  I  GO. 
One  case  examined  on  tlie  liMli  and  ;i;,'ain  on  the  Nth  day  was  negative: 
the  death  of  this  ])atieiit  picvented  further  examination.  As  controls  sera 
from  the  foHowing  gave  eom})h;tely  negative  results  in  a  1  in  20  dilution: 
50  cases  of  Inlluenza,  12  cases  of  Trench  Fever  and  15  cases  of  Syy)}iilis. 

(2)  The  agglutinative  reaction  is  slow  when  cultures  killed  by  heat 
and  preserved  with  0-1  per  cent,  formalin  are  employed.  Results  can  be  read 
after  20  liours  at  room  temperature  or  after  12  hours  at  room  temperature 
followed  by  tw^o  hours  at  55°  C.  One  of  the  cases  showed  a  definite  "Zone  of 
Inhibition,"  agglutination  being  absent  in  dilutions  of  1  in  20  and  1  in  40 
but  present  in  1  in  80,  1  in  M)0,  etc, 

(3)  The  examination  of  10  sera  convinced  me  that  the  formation  of 
agglutinin  for  this  proteus-like  organism  in  the  blood  of  typhus  cases  is  not 
accompanied  by  the  formation  of  immune  body,  as  indicated  by  the  comple- 
ment fixation  reaction  using  as  antigen  a  fresh  saline  suspension  of  this  proteus- 
like organism.  This  is  confirmatory  of  the  work  of  Craig  and  Fairley  (1918) 
and  differs  from  that  of  some  Continental  observers.  In  carrying  out  the 
test  the  sera  were  exposed  to  the  antigen  for  different  periods  and  at  different 
temperatures. 

(4)  The  titre  of  the  agglutinins  in  the  sera  of  20  cases  for  a  coliform 
bacillus  isolated  from  the  urine  of  one  of  them  w^as :  one  in  1  in  640,  five  in  1  in 
320,  five  in  1  in  160,  six  in  1  in  80,  three  in  1  in  40.  The  blood  serum  of  50 
Influenza  cases  and  of  12  Syphilitics  gave  feeble  agglutination  in  a  1  in  20 
dilution  at  55°  C.  but  none  in  1  in  20  at  room  temperature.  In  the  case  of  no 
non-typhus  serum  was  there  agglutination  with  a  1  in  40  or  higher  dilution. 
The  agglutinins  for  this  coliform  bacillus  were  best  demonstrated  at  50°  C. 
This  bacillus  w^as  a  genuine  B.  coli.  It  fermented  lactose  and  was  most  readily 
agglutinable  when  grown  on  lactose  agar.  Other  strains  of  B.  coli  which  were 
isolated  from  Typhus  cases  gave  no  agglutination. 

(5)  Absorption  experiments  indicated  that  the  agglutinins  for  B.  proteus 
"X  19"  and  this  coliform  bacillus  were  distinct. 

(6)  The  agglutinins  in  Typhus  serum  for  H.  juoteus  "X  19"  are  com- 
pletely destroyed  by  heating  for  half  an  hour  at  60-65°  C.  whereas  the  specific 
agglutinins  for  the  same  bacillus  in  the  serum  of  an  inoculated  rabbit  are  not 
destroyed  until  a  temperature  of  75°  C.  is  reached. 

These  results  confirm  those  of  everyone  who  has  used  the  test.  In  my 
controls  the  results  were  always  negative  in  a  1  in  20  dilution.  1  had  an 
opportunity  through  Col.  H.  L.  Cummins  kindly  supplying  me  with  Schifl's 
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Ditit^nostikiim — a  dead  suspension  of  ''X  19" — to  test  the  action  of  Trench 
Fever  serum  on  the  bacilhis.  I  had  early  in  1917  pointed  out  certain  ])oint8 
of  resembhinces  between  the  two  diseases  but  my  experiments  showed  me  that 
as  regards  the  Wilson-Weil-Felix  test  they  were  quite  diil'erent.  Jungmann 
and  Kuczynski  (1917)  had  also  remarked  on  the  close  relationship  of  these 
diseases  and  later  Kuczynski  stated  that  he  had  seen  "X  19"  agglutinated 
by  the  serum  of  Volhynian  Fever.  I  may  mention  that  I  endeavoured  to 
develop  a  similar  test  for  the  diagnosis  of  Trench  Fever,  using  cultures  obtained 
from  the  urine  of  the  cases,  and,  although  I  found  that  there  was  an  increase 
in  their  blood  of  agglutinins  for  a  bacillus  which  in  cultural  and  fermentative 
characters  resembled  B.  parattifliosus  B,  but  which  dift'ered  from  the  latter 
in  forming  indol,  still  the  serum  in  some  other  conditions  showed  the  same 
alteration  and  rendered  the  test  unreliable. 

In  a  case  in  which  the  clinical  diagnosis  of  Influenza  and  Typhus  Fever 
was  in  question  I  was  able  to  decide  the  matter  by  finding  agglutination  of 
B.  influenzae  in  a  1  in  160  dilution  and  a  negative  Wilson- Weil-Felix  in  a 
1  in  20  dilution. 

Other  observers  have  used  as  controls  the  sera  of  patients  suffering  from 
the  common  tropical  diseases  and  as  a  rule  where  Typhus  infection,  recent 
or  remote,  could  be  excluded  the  test  was  negative.  The  chief  exception  is 
Enteric  Fever  where  agglutination  is  sometimes  found  in  dilutions  of  1  in 
50  and  even  in  1  in  100. 

From  a  perusal  of  the  literature  it  is  obvious  that  there  has  been  a  difference 
in  the  agglutinability  of  the  strains  of  B.  proteiis  "X  19"  which  have  been 
employed  by  different  observers.  Indeed  Diehl  (1918)  has  already  called 
attention  to  this  variability.  Schiff  (1919)  states  that  when  "X  19"  has  been 
cultivated  for  some  time  on  sugar-free  media,  it  loses  to  a  great  extent  its 
agglutinability  and  this  reappears  on  the  addition  of  glucose.  W^hen  the 
bacillus  is  grown  in  a  medium  rich  in  glucose  it  becomes  spontaneously 
agglutinable.  Csernel  (1918)  claims  to  have  rendered  ordinary  strains  of 
B.  profeus  agglutinable  by  Typhus  serum  by  cultivating  them  on  lactose 
agar  together  with  acid-producing  faecal  bacteria.  I  observed  that  strains 
of  B.  coll  which  were  agglutinable  by  Typhus  serum  were  rendered  still  more 
agglutinable  by  cultivating  them  on  lactose  agar,  the  lactose  being  fermented 
by  them.  In  carrying  out  the  test  care  should  be  taken  to  see  that  the  strain 
of  B.  proteus  "X  19"  used  is  of  a  suitable  degree  of  agglutinability.  In  view 
of  the  possibility  of  this  characteristic  being  lost  or  modified  by  continued 
cultivation  I  have  experimented  with  emulsions  prepared  from  dried  bacterial 
substance.  I  believe  that  in  the  dried  state  the  bacteria  preserve  their  agglutin- 
able characteristics  unaltered  and  that  from  such  dried  bacterial  substance 
suitable  emulsions  can  be  employed  for  carrying  out  the  test  when  a  case  for 
diagnosis  crops  up. 
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PAKT  II. 
Discussion. 

Vvi)\\\  a.  (((iisidcnitioii  of  tlu^  v(mt  cxtc^imivc.  lit(^raturc  dealin*;  wilh  the 
scrolojjv  (tl  Tvphus  Kcivcr  and  from  my  own  observations,  it,  would  now  seem 
to  !)('  driinitcly  ('stal)lislie(i  that  the  Idood  scinm  in  this  disease  is  capable 
of  a«;^Iiitiiiatin^'  manv  s])ec'i('S  of  mi(  ro-or^'anisms.  (jlram  positive  iJiplococri 
(Wilson)  and  l)i])lit licroid  bacilli,  li.  h/phi  ejxinlhctnadci  IMatz  (Haehr,  Olitsky, 
l*opolT),  are  frequently  ('lu?nj)('d  but  it  is  espc^cially  on  certain  strains  of 
intestinal  niicro-or^auisins  that  the  u^'^lutination  effect  is  manifested.  T\i(i 
ai,'«,duti nation  of  certain  coliform  strains  and  of  certain  non-lactose  fermenters 
probably  of  the  li.  proteus  irroup  occuninf^  in  the  urines  of  patients  is  a  phe- 
nomenon, as  show  II  by  me  in  19()(S,  characteristic  of  'ry])hus  sejiim.  On  an 
average  the  sera  of  about  10-20  per  cent,  of  the  cases  also  agglutinate 
B.  (f/phos}fs,  B.  parati/phosNs  A  or  B  (ride  Wilson,  f^atterson,  Koehler,  Zlocisti, 
Popoff,  Miihlens  and  D.  Stajanoflf,  Napier,  Fairley,  Werner  and  J^eoneanu, 
Blanco  and  Tapia,  Ficai,  and  Kramer).  Nicolle  in  Tunis  frequently  found 
Typhus  serum  capable  of  agglutinating  Micrococcus  melitensiH. 

The  recognition  of  heterologous  agglutinins  in  Typhus  serum  for  intestinal 
bacilli  isolated  from  the  intestine  and  urine  of  the  cases  was  first  made  by 
the  writer.  Horiuchi  (1908)  a  little  earlier  during  the  Russo-Japanese  War 
had  discovered  a  coliform  bacillus  in  the  urine  of  cases  of  Manchurian  Fever 
and  found  that  this  bacillus  was  agglutinated  by  their  serum.  He  named 
his  bacillus  ''  Bacilhis  fehris  exanthematici  MandchiricV  and  regarded  it  as 
the  cause  of  the  outbreak  in  question  but  whether  the  outbreak  was  to  be 
regarded  as  true  Typhus  Fever  Horiuchi  left  in  duhio.  The  question  of  the 
agglutinins  being  heterologous  in  nature  never  entered  his  mind. 

It  was  however  the  work  of  Weil  and  Felix  (1916)  and  their  followers 
which  firmly  established  and  led  to  the  general  recognition  of  the  presence 
of  heterologous  agglutinins  as  diagnostic  of  Typhus  Fever.  The  bacillus  which 
was  discovered  by  them  and  which  has  been  found  most  admirable  for  the 
detection  of  these  agglutinins  in  Typhus  serum  is  a  strain  of  B.  profois  and 
has  been  named  "X  19."  The  strain  "X  2"  which  they  first  used  and  which 
was  probably  similar  to  that  isolated  from  urine  by  me  was  found  not  to  be 
so  readily  agglutinable  as  the  latter  strain.  The  distinction  between  a  non- 
lactose-fermenting  coliform  bacillus  and  a  B.  proteus  can  only  be  made  by  a 
complete  study  of  the  micro-organisms.  It  is  now  recognised  that  the  proteo- 
lytic power  of  B.  proteus  is  variable — the  majority  liquefy  coagulated  serum 
and  gelatin  but  some  strains  attack  neither — others  digest  serum  but  do  not 
liquefy  gelatin  (SchaefFer).  Indol  production  is  a  variable  character.  All  the 
B.  proteus  X  strains  produce  indol  and  this  indol  producing  capacity  seems 
to  be  associated  with  the  power  to  ferment  maltose  and  saccharose  (SchaefTer). 
Wenner  and  llettger  (1919)  from  a  study  of  the  genus  Proteus  propose  that 
it  should  be  divided  into  two  species,  Proteus  vulgaris  and  Proteus  mirabilis^ 
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the  former  ferinentiag  maltose  aiul  saccharose  with  the  production  of  acid 
and  gas,  the  latter  not  fermenting  maltose  and  only  very  slowly,  if  at  all, 
fermenting  saccharose.   Mannite  and  lactose  are  not  fermented  by  B.  proteus. 

B.  proteus  "X  19"  ferments  glucose,  laevulose,  galactose,  maltose  and 
saccharose,  liquefies  gelatin  and  belongs  to  the  Proteus  vulgaris  species.  "In 
their  agglutination  power  the  members  of  the  Proteus  genus  are  heterogeneous 
in  character  so  that  no  distinct  separation  into  species  is  possible  on  this 
basis"  (Wenner  and  Rettger).  Braun  and  Salomon  in  a  study  of  30  Proteus 
strains  of  non-Typhus  origin  and  of  ten  strains  sent  by  Weil  put  them  in  three 
categories:  (1)  those  possessing  almost  no  agglutinogens  common  with  the 
Proteus  of  Typhus,  (2)  those  having  agglutinogens  common  with  all  the 
Typhus  strains,  (3)  the  Typhus  strains. 

The  great  and  only  characteristic  of  the  "X"  strains  and  especially  of 
"X  19"  is  that  they  are  agglutinated  by  the  serum  of  Typhus  Fever  cases. 
Typhus  serum  does  not  agglutinate  ordinary  Proteus  bacilli,  although  among 
the  latter  there  are  strains  which  are  agglutinated  by  the  anti-serum  of  man 
or  rabbit  prepared  against  the  "X"  strains  (Weil  and  Felix). 

It  is  a  curious  fact  that,  although  ordinary  vulgaris  strains  of  B.  proteus 
have  been  isolated  from  Typhus  cases,  no  agglutinins  are  found  for  these 
strains  in  the  patients'  sera,  although  the  sera  possess  a  high  agglutinin  content 
for  "X"  strains  and  all  attempts  in  most  instances  to  isolate  the  latter  from 
patients'  bodies  have  failed.  This  circumstance  appears  to  the  writer  to  militate 
against  the  view  that  in  Typhus  there  is  always  specific  infection  with  Proteus 
bacilli  and  that  this  infection  is  the  cause  of  the  appearance  of  the  agglutinins 
in  the  sera.  If  this  infection  occurred  it  is  surprising  that  it  is  for  the  "X" 
strains  alone  that  agglutinins  are  found. 

Another  argument  against  the  view  that  the  agglutinins  are  indicative 
of  infection  is  the  rarity  with  which  "X"  strains  have  been  isolated  from  the 
cases.  Thus  Schiirer  and  Wolff  (1919)  state  that  Felix  attempted  without 
success  on  419  occasipns  to  cultivate  Proteus  bacilli  from  250  cases  of  Typhus, 
that  Zeiss  in  277  blood  samples  found  them  18  times  and  that  Wolff  out  of 
78  attempts  was  successful  eight  times.  Schiirer  and  Wolff  (1919)  in  250 
blood  samples  from  260  typhus  cases  with  high  fever  found  B.  proteus  20 
times,  i.e.  7-7  per  cent,  of  the  cases  examined.  Of  these  20  only  seven  corre- 
sponded to  "X  19"  type  of  Weil  and  Felix  and  three  to  their  "X  2"  type. 

Schiirer  and  Wolff  {loc.  cit.)  examined  450  catheter  specimens  of  urine 
from  95  cases  of  Typhus  and  found  Proteus  bacilli  137  times  but  of  these 
only  16  showed  an  agglutination  with  Typhus  serum  in  higher  dilutions  than 
those  of  72  strains  of  Proteus  isolated  from  patients  not  suffering  from  Typhus 
Fever  but  from  Enteric  Fever,  and  Dysentery. 

It  is  clear  then  that  "X"  strains  are  not  frequently  met  with  in  Typhus 
Fever  and  they  are  not  peculiar  to  Typhus  but  have  been  found  in  the  intestine 
of  individuals  who  never  suffered  from  this  disease.  Georg  Wolft'  (1919) 
found  "X"  strains  three  times  among  116  Proteus  strains  isolated  from  non- 
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tv])}ius  ]mtionts.  Tliis  is  a  ])()iiit  aj^'iiiiist  the,  view  that  the  "X"  strains  are 
onliiiarv  Proteus  strains  iiiodilied  by  growth  in  the  body  of  Typhus  Fever 
patients. 

It  inav  !)('  asked  are  these  a^^hitinins  in  any  way  dilTerent  from  ag^hitinins 
d('\  eloped  as  the  result  of  inoculation  of  man  or  animal  with  "X  19"? 
Hamburger  ami  liauch  (1917)  believe  tluit  tlie  agghitinins  found  in  Typhus 
serum  are  true  agglutinins  l)ut  that  they  differ  from  specific  agglutinins  formed 
as  a.  result  of  inoculation  in  that  the  former  are  completely  destroyed  in  half 
an  liour  at  a  temperature  of  65°  C,  the  latter  only  at  75°  C.  This  greater 
susceptibility  to  heat  has  been  confirmed  by  Jacobitz  (1918)  and  Wilson. 
Hamburger  and  Bauch  found  that  like  other  agglutinins  the  typhus  agglutinins 
were  ])reri])itated  from  the  sera  by  ammonium  sulphate  and  were  absorbed 
by  animal  charcoal  and  by  emulsions  of  the  bacilli  in  question. 

A  difference  between  the  Typhus  agglutinins  and  specific  agglutinins 
resulting  from  inoculation  with  "X  19"  is  manifested  with  regard  to  their 
action  on  heated  and  unheated  bacilli.  Dietrich  (1916)  showed  that  if  emulsions 
of  "X  19"  were  used  which  had  been  heated  to  56°  C.  or  which  had  been 
treated  with  phenol  or  formalin  little  or  no  agglutination  occurred.  Sachs 
confirmed  this  and  states  that  the  microbes  become  agglutinable  again  when 
the  temperature  is  raised  to  80°  C.  and  that  the  bacteria  now  preserve  their 
agglutinability  longer  than  non-heated  emulsions  and  that  they  are  agglutinated 
in  a  higher  titre  although  the  agglutinative  action  is  slower.  SchifE  found  that 
cultures  heated  to  100°  C.  for  two  minutes  are  generally  well  agglutinated 
and  that  bacilli  rendered  inagglutinable  by  heating  to  56°  C.  recover  their 
agglutinability  on  being  washed  with  normal  saline  solution. 

Weil  and  Felix  found  "XI"  and  "X2"  more  agglutinogenic  and  much 
less  agglutinable  than  "X19"  by  Typhus  serum.  Sachs  showed  that  the 
anti-sera  of  rabbits  agglutinate  all  three  to  the  same  degree.  When  however 
the  bacilli  are  heated  the  results  differ — thus  the  anti-sera  of  "X  1*  and 
"X  2"  which  agglutinate  the  corresponding  microbes  either  living  or  heated, 
no  longer  agglutinate  "X  19"  when  the  latter  has  been  heated:  at  the  same 
time  "XI"  and  "X  2"  become  after  heating  inagglutinable  to  the  serum  of 
"X19." 

As  regards  the  presence  and  production  of  agglutinins  for  "X2"  and 
"X  19"  Felix  had  an  interesting  experience.  From  the  cadavers  of  18  Turks 
who  had  died  from  Typhus  Fever,  Felix  failed  to  isolate  any  Proteus  strains 
in  ten,  in  five  he  found  ordinary  Proteus  strains  and  in  only  three  "X 
strains  and  of  these  two  belonged  to  the  '*  X  2  "  and  one  to  th,e  "  X  19"  group. 
Now  the  curious  fact  emerged  that  the  blood  serum  of  the  two  cases  which 
harboured  "X  2"  failed  to  agglutinate  this  bacillus,  but  agglutinated  "X  19" 
whilst  the  subject  from  whom  "X  19"  was  derived  agglutinated  both  strains. 

In  infections  with  most  micro-organisms  the  presence  of  an  immune  body 
can  be  demonstrated  by  means  of  the  complement  fixation  test.  If  there  is 
a  true  infection  in  Ty])hus  with  Proteus  bacilli  one  would  expect  to  find 
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complement  fixed  when  "X  19"  is  used  as  antigen.  Tt  is  unfortunate  that 
the  results  obtained  by  different  observers  are  conflicting  and  that  further 
investigations  will  be  required  to  settle  the  point.  I  failed  to  find  any  fixation 
and  in  this  I  am  in  agreement  with  Fairley,  Otto,  Dietrich  and  Orticoni. 

Fairley's  investigations  were  most  exhaustive  and  would  seem  to  be 
conclusive  as  regards  the  strain  of  "X  19"  he  was  using  as  antigen.  His 
results  showed:  (1)  no  increased  tendency  for  fixation  of  complement  by  a 
pooled  Typhus  serum  in  the  presence  of  B.  froteus  antigen  over  that  quantity 
fixed  by  a  pooled  negative  serum  under  similar  conditions;  (2)  55  out 
of  58  cases  of  definite  Typhus  Fever  yielded  negative  complement-fixation 
reactions;  (3)  using  an  identical  technique,  monkeys  and  man,  after  sub- 
cutaneous inoculations,  invariably  yielded  positive  complement-fixation 
reactions.  Fairley  states  his  conclusions  as  follows:  "In  consequence  of  these 
findings  and  in  contra-distinction  to  the  generally  accepted  view,  I  hold  that 
the  only  satisfactory  explanation  of  the  Weil-Felix-agglutination  reaction  is 
to  regard  the  phenomenon  as  due  to  a  secondary  heterologous  agglutinin 
(Neben-agglutinin)." 

On  the  other  hand  Friedberger  (1917),  von  Gutfeld  (1919),  Werner  (1918), 
Reichenstein  (1917)  and  Papamarku  (1917)  found  complement-fixation 
occurred  with  "X  19"  in  the  majority  of  cases.  Papamarku  states  that  an 
antigen  in  which  the  bacilli  were  killed  by  phenol  gave  better  results  than 
where  heat  was  employed. 

As  regards  other  effects  of  Typhus  serum  on  Proteus  "X  19"  it  may  be 
mentioned  that  Lisbonne  and  Carrere  (1919)  found  that  it  caused  a  precipitate 
with  the  filtrate  of  cultures  of  Proteus  "X  19." 

Weltmann  (1917)  states  that  when  fresh  Typhus  serum  is  added  to  five 
times  its  volume  of  distilled  water  a  turbidity  occurs  and  that  this  is  absent 
with  normal  serum  and  with  Typhus  serum  which  has  been  heated  for  ten 
minutes  at  60°  C. 

Vaglio  (1919)  states  that  when  Proteus  "X  19"  is  grown  in  broth  con- 
taining 1  per  cent,  of  Typhus  serum  the  bacilli  are  deposited  as  clumps  at 
the  bottom  of  the  tube  after  three  hours  incubation  at  37°  C. 

As  to  the  explanation  of  the  presence  of  agglutinins  for  Proteus  "X  19" 
in  Typhus  serum  hardly  anyone  now  considers  that  this  micro-organism  is 
the  cause  of  Typhus.  Apart  from  other  arguments  the  negative  results  of 
the  human  inoculation  experiments  of  Kuczynski  and  Fairley  are  conclusive. 

The  great  majority  of  those  who  have  studied  the  subject  incline  to  the 
view  that  the  agglutinins  are  due  to  a  constant  secondary  infection  with 
Proteus  "X  19."  This  may  be  true  but  we  have  seen  in  the  preceding  discus- 
sion some  points  against  this  hypothesis.  I  have  found  (and  this  is  a  matter 
that  has  recently  been  confirmed  by  Schaeffer)  that  agglutination  of  certain 
strains  of  B.  coli  is  almost  as  constant  and  as  specific  an  effect  of  Typhus 
serum  as  the  agglutination  of  Proteus  "X  19."  I  have  also  found  that  absorp- 
tion by  "X  19"  leaves  agglutinins  for  B.  typhosus  and  for  agglutinable  B.  coli 
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strains  unaffcctcMl.  Aljsorpl  ion  willi  //.  ////Jtosns  and  with  t}i<',  li.  r-o/i  strains 
1  hat  I  ha,vostu(li('(l  also  h'avcs  t  h('a<^';^Hutiiiiii.s  for  l^roh'us  "  X  1!)""  uiidiininished 
ill  amount.  If  (licso  a;.;<iliitinins  for  intestinal  inicro-or^anisnis  arc  due  to  a 
suhinfcftion  (and  it  is  diflicult,  to  understand  liow  ot!ierwis(;  th(iy  could  arise) 
then  the  infect  in}^  iniero-or^anisni  must  he  a  species  tliat  is  constantly  })rescnt 
in  the  bodies  of  the  ])ati(Mits.  It  would  a])|)(^ar  t  hat  "  X  "  strains  arc  rarely  met 
with  and  that  it  is  unusual  to  \n\i  a^'^dutinins  for  the  ProteMs  vul//aris  strains 
which  are  fre(|uently  found  in  the  human  intestine.  It  appciars  to  the  writer 
probable  that  the  Ty])hus  Fever  virus  renders  the  intestine  more  permeable 
to  intestinal  micro-organisms,  and  that  certain  strains  of  B.  coli  or  allied 
organisms  infect  the  patient  and  lead  to  the  formation  of  specific  agglutinins 
for  themselves  and  of  paragglutinins  for  other  intestinal  micro-organisms, 
e.g.  Proteus  "X  19,"  "X2,"  coliform  bacilli,  B.  coli,  B.  ff/phosits,  B.  jtara- 
typhosus  A  and  B,  Micrococcus  mclitensis,  etc.  It  is  of  some  bearing  in  this 
connection  that  occasionally  in  Enteric  Fever  there  is  agglutination  of  Proteus 
"X  19"  in  1  in  100  dilution.  When  this  micro-organism  is  discovered  and 
isolated  it  will  probably  be  found  that  it  produces  a  specific  agglutinin  and 
immune  body  for  itself  and  paragglutinins  for  a  great  variety  of  other  bacteria 
and  that  absorption  of  the  serum  with  this  culture  will  remove  not  only  the 
specific  agglutinins  but  also  the  paragglutinins. 

It  has  been  proved  by  Mollers  and  Wolff  (1919)  and  by  Ribeyro  (1919) 
that  inoculation  of  guinea-pigs  with  Typhus  virus  is  not  followed  by  the 
development  of  agglutinins  for  "X19."  Doerr  and  Pick  (1919)  state  that 
when  rabbits  were  inoculated  with  Typhus  virus,  they  presented  no  signs 
of  infection  but  that  the  Typhus  virus  became  located  in  their  brains  and  their 
blood  serum  agglutinated  Proteus  "X  19"  and  B.  typhosus  in  dilutions  up 
to  1  in  60  and  1  in  40  respectively. 

Some  light  is  thrown  on  the  Wilson-Weil-Felix  reaction  in  Typhus  Fever 
by  the  study  of  the  formation  of  group  and  heterologous  agglutinins  in  other 
diseases.  Kligler  (1918)  reported  the  cross-agglutination  of  B.  coli  coin  munis 
and  B.  dysenteriae  Shiga.  The  end  point  of  the  titre  of  the  serum  of  inoculated 
rabbits  was  in  each  case  1  in  4000.  The  property  of  reciprocal  agglutination 
w^as  limited  to  the  two  strains  described.  Other  cultures  of  B.  coli  and 
B.  dysenteriae  Shiga  did  not  exhibit  it.  Absorption  experiments  made  with 
each  culture  upon  each  kind  of  immune  serum  indicated  that  two  distinct 
agglutinins  were  yielded  in  about  equal  amount  in  the  process  of  immunization 
of  rabbits  with  the  respective  cultures.  The  two  agglutinins  were  specific  ones, 
each  for  its  own  culture,  and  accessory  (paragglutinin)  eAch  for  the  other 
culture.  The  absorption  of  the  accessory  agglutinin  left  the  specific  agglutinin 
quantitatively  unaffected,  but  absorption  of  the  specific  agglutinin  by  its 
own  culture  completely  removed  the  paragglutinin. 

Park  and  Williams  (1910)  observed  that  the  serum  of  a  horse  immunized 
with  B.  dysenteriae  Flexner  agglutinated  B.  coli  in  the  Sijme  end  dilutions 
(1  :  10,000)  as  the  dysenteric  bacillus.    Conversely  a  goat  immunized  with 
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B.  coli  yielded  a  serum  of  a  titre  ot  I  :  5000  for  the  B.  coli  and  1  :  3000  for 
B.  dysenteriae  Flexner. 

Of  ^leiit  interest  is  a  paper  by  Frost  (1910)  on  Pseudomonas  jjwtea  which 
he  isolated  from  water  and  found  to  be  agglutinated  by  the  serum  of  Typhoid 
Fever  patients.  This  organism  which  is  closely  allied  to  Proteus  was  agglutinated 
by  the  serum  of  Typhoid  Fever  cases  in  a  larger  percentage  of  cases  than  was 
B.  typhosus,  the  difference  being  especially  marked  in  the  early  stages  of  the 
disease.  The  serum  of  cases  of  Typhoid  Fever  often  agglutinated  Ps.  frotea 
in  higher  dilutions  than  it  agglutinated  B.  typhosus.  The  serum  of  four  cases 
of  Paratyphoid  Fever  also  agglutinated  the  micro-organism.  Specific  Typhoid 
immune-serum  from  animals  in  the  early  states  of  immunization,  agglutinated 
B.  typhosus  (1  in  2000)  but  later  as  the  agglutinating  strength  for  B.  typhosus 
increased,  the  titre  for  Ps.  protea  failed  to  increase  proportionately.  The 
results  of  absorption  experiments  indicated  that  the  agglutination  of  Ps.  protea 
by  specific  Typhoid  agglutinating  serum  is  effected  by  combination  with  a 
portion  of  the  specific  Typhoid  agglutinin;  that  it  was  therefore  a  "group" 
agglutinin.  Animals  injected  with  culture  of  Ps.  frotea  developed  agglutinins 
for  this  organism  but  none  for  B.  typhosus  or  other  organisms  of  the  Colon- 
typhoid  group. 

These  observations  of  Frost  would  tend  to  support  the  view  put  forward 
in  this  paper  that  the  agglutinins  for  Proteus  "X  19" — an  organism  closely 
allied  to  the  Ps.  protea — may  prove  to  be  group  agglutinins  of  some  organism 
of  the  Colon  group  which  is  a  constant  inhabitant  of  man's  intestine.  It  is 
noteworthy  in  Frost's  experiments  that  inoculation  with  his  Ps.  protea 
produced  no  group  agglutinins  for  B.  typhosus  but  that  inoculation  with  the 
latter  produced  group  agglutinins  for  the  Ps.  protea. 

In  an  endeavour  to  fix  in  its  true  setting  the  Wilson- Weil-Felix  reaction 
in  the  field  of  Immunity,  I  believe  help  may  be  derived  from  the  contents  of 
our  three  papers  in  the  Journal  of  Hygiene  (Symmers  and  Wilson,  1908; 
Wilson,  1909  and  1910).  The  following  quotations  from  the  second  paper 
appear  to  me  to  bear  on  the  problem  under  discussion:  "In  round  numbers 
90  %  of  the  cases  of  Cerebro-spinal  fever  agglutinated  the  B.  aquatilis 
alkaligenes  in  a  dilution  of  1  in  50.  In  most  cases  agglutination  still  occurred 
with  a  1  in  100  and  higher  dilutions.  In  16  cases  the  blood  serum  gave  marked 
'clumping'  within  an  hour  to  dilutions  of  1  in  1000  and  further  we  found 
that  one  of  the  16  agglutinated  in  1  in  1400,  two  in  ]  in  1500,  four  in  1  in  1600 
and  four  in  1  in  2000  dilutions  respectively.  We  have  shown  that  it  is  possible 
to  remove  the  agglutinins  from  the  serum  by  saturation  with  the  B.  aquatilis 
alkaligenes,  whilst  saturation  with  the  Meningococcus,  B.  typhosus,  B.  coli 
communis,  or  B.faecaUs  alkaligenes  (Krai)  leaves  them  intact." 

*'  Of  31  specimens  of  the  serum  of  normal  adults  examined  three,  i.e.  9-6  per 
cent,  gave  a  positive  reaction  in  a  1  in  50  and  all  a  negative  reaction  in  a  1  in 
100  dilution  of  the  serum."  The  B.  aquatilis  alkaligenes  was  a  non-pathogenic 
micro-organism  which  had  been  isolated  from  tap  water.  This  curious  instance 
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of  Iictcroloi^ous  a;:^'lritinati()n  by  moans  of  whicli  we  wcic  <*iial)l(Hl  to  diagnose 
cases  of  Ccichro  spinal  I^'cn'it  is  worthv  of  notr. 

At  that  tinit'  (l*.M).S)  |  succeeded  in  only  one  case  in  isolating  a  similar 
hacillns  from  the  hlood  of  the  juitientH  and  my  examinationH  of  the  (Cerebro- 
spinal liuid.  urineand  hlood  were  ni^gativeas  n^gardHtlu*  li.  (if/uatilis nihil If/enrs, 
lio\\('vei\  in  I*.t|.").  in  an  outbreak  of  (\;rebro-sj)inal  K<*vei-,  I  frerpnuitly  found 
associated  with  lln^  Menimiociucus  in  the  spinal  fluid  a  bacillus  which  was 
evidently  of  intestinal  origin  and  whicli  fermented  no  sugar  but  usually 
licjuefied  gelatin.  This  bacillus  althougii  alli(ul  to  the  li.  (UjiuitHis  (ilbdujcnes 
was  not  agglutinated  by  the  serum  of  the  cases  in  nearly  so  high  a  titre  as 
the  latter.  It  in  fact  bore  much  the  relationship  to  the  B.  af^uatilis  alkdligcneH 
that  Proteus  **X  1,"  "X  2"  and  ordinary  Proleus  vulgaris  strains  bear  to 
"X19." 

"Paltauf  (1904)  says  the  results  of  Posselt  and  Sagasser  (1903)  as  well  as 
those  of  Hetsch  and  Lentz  go  to  show  that  in  the  immune  serum  of  animals 
as  well  as  in  that  of  sick  men  and  women,  heterologous  agglutinins  exist  which 
have  no  binding  grou])s  for  the  infecting  bacteria  but  are  as  specific  as  regards 
absorption  as  those  developed  in  a  mixed  infection.  They  must  therefore  be 
distinguished  from  partial  agglutinins  or  'mitagglutinins.'  They  can  be 
designated  as  'heterologous  nebenagglutinins'  or  more  briefly  as  'neben-. 
agglutinins.'  For  their  formation  the  views  held  regarding  partial  agglutinins 
do  not  apply."  "  The  explanation  of  the  fact  that  the  blood  serum  of  Europeans 
contains  specifically  absorbable  agglutinins  for  the  V.  cholerae  and  B.  pestis 
may  be  that  these  agglutinins  are  partial  agglutinins  or  'nebenagglutinins' 
caused  by  the  action  of  unknow^n  saprophytic  intestinal  organisms." 

I  would  suggest  that  a  similar  explanation  may  account  for  the  agglutinins 
present  in  Typhus  serum  for  Proteus''^  19,"  etc.  With  regard  to  the  agglutinins 
in  Cerebro-spinal  Fever  for  B.  aquatilis  alkaligenes  and  B.  typhosus  I  concluded 
that  "these  secondary  agglutinins  do  not  indicate  a  mixed  infection  but  are 
of  the  nature  of  heterologous  'nebenagglutinine.'"  I  proved  that  they  were 
not  partial  agglutinins  due  to  infection  with  the  Meningococcus  but  I  now  think 
it  not  improbable  that  they  were  of  the  nature  of  partial  agglutinins  for 
some  unknown  intestinal  micro-organism.  I  indeed  stated  that  "the  explana- 
tion of  the  production  of  heterologous  agglutinins  may  be  that  infection  with 
certain  germs  leads  to  an  alteration  of  the  bacterial  flora  of  the  intestine.  As 
the  result  of  this  secondary  autd-infection,  along  with  the  agglutinins  for  the 
primary  infecting  organism,  agglutinins  are  formed  for  the  intestinal  micro- 
organisms also."  Experiments  conducted  by  Elser  and  Huntoon  tend  to 
confirm  the  statements  made  above  and  to  offer  a  similar  ex})lanation  as  is 
made  clear  by  the  following  extract  from  their  ])aper:  "In  rabbits  we  have 
shown  that  injections  of  the  Meningococcus  render  the  iiiucosa  of  the  intestinal 
tract  more  permeable  for  the  Typhoid  bacillus  (or  its  ])roducts)  administered 
with  the  food.  Animals  thus  treated  developed  agglutiiiins  for  the  organisms 
administered    by    mouth,    wiiile    no    augmentation    of   the   agglutinins   was 
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observed  in  the  controls  which  were  fed  with  Typhoid  bacilli  but  received 
no  injections.  These  experiments  sutjiijest  an  explanation  for  the  frecjuent 
occurrence  of  mixed  infections  in  animals  receivin<jj  expeiimental  inoculations 
of  the  meningococcus,  and  also  offer  an  explanation  for  the  appearance  of 
heterologous  agglutinins  in  the  sera  of  such  animals  and  in  the  sera  of 
individuals  suffering  from  epidemic  cerebro-spinal  meningitis." 

It  is  pertinent  to  note  that  with  regard  to  the  heterologous  agglutinins 
occurring  in  Cerebro-spinal  Fever  I  had  shown  that  (1)  they  are  bound  up 
with  the  globulin  component  of  the  serum,  the  greater  part  belonging  to  the 
"pseudo-globulin"  fraction;  (2)  by  heating  the  serum  to  60°  C.  their  destruc- 
tion is  complete.  Similar  results  have  been  obtained  in  the  case  of  the 
agglutinins  for  "X  19"  in  Typhus  serum. 

Before  concluding  I  should  mention  that  Epstein  regards  the  different 
reactions  given  by  Typhus  serum  as  due  to  changes  in  the  physico-chemical 
state  of  the  serum.  He  has  shown  that  the  albumin-globulin  ratio  in  Typhus 
varies  from  0-46  to  0-8  whereas  in  other  pathological  states  it  exceeds  unity. 
However  it  is  difficult  to  conceive  how  apart  from  subinfection  with  intestinal 
bacilli  this  change  should  lead  to  the  production  of  absorbable  agglutinins 
for  these  micro-organisms.  No  doubt  the  action  of  agglutinins  is  best  explained 
in  terms  of  physical  chemistry  but  an  explanation  of  their  production  apart 
from  infection  with  some  allied  micro-organism  is  difficult.  The  agglutinins 
for  B.  aquatilis  alkaligenes  I  showed  were  heterologous  in  the  sense  that  they 
were  not  partial  agglutinins,  group  agglutinins,  or  agglutinins  due  to  infection 
by  the  Meningococcus  acting  alone.  The  agglutinins  in  Typhus  serum  are 
also  heterologous  as  regards  their  production  by  the  virus  of  Typhus  but 
in  both  instances  I  would  suggest  that  they  are  due  to  subinfection  from  the 
intestine.  The  infecting  micro-organisms  however  have,  so  far,  not  been 
definitely  determined  and  are  unlikely  to  be  B.  aquatilis  alkaligenes  or 
Proteus  "X  19"  but  some  constant  inhabitants  of  the  intestine  which  under 
the  stimulus  of  the  disease  produce  specific  agglutinins  for  themselves  and 
group  agglutinins  for  numerous  other  micro-organisms  especially  for  Proteus 
"X  19,"  Proteus  "X  2,"  and  various  members  of  the  Colon-typhoid  group. 

Summary. 

1.  The  Wilson- Weil-Felix  agglutination  reaction  with  cultures  of  Proteus 
"X  19  "  was  Positive  in  dilutions  of  the  serum  ranging  from  1  in  40  to  1  in  2560 
in  22  out  of  23  cases  of  Typhus  Fever  occurring  in  Ireland.  In  one  case  the 
reaction  was  still  negative  at  the  time  of  the  patient's  death  on  the  14th  day 
of  the  disease.  As  controls,  sera  from  the  following  gave  completely  negative 
results  in  a  1  in  20  dilution:  50  cases  of  Influenza,  12  cases  of  Trench  Fever 
and  15  cases  of  Syphilis. 

2.  The  agglutinins  in  Typhus  serum  for  B.  proteus  "X  19"  are  completely 
destroyed  by  heating  at  65""  C.  for  half  an  hour. 
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'.\.  'Vvn  sent  were  tested  foi-  prcstjiicc  of  iiiiiiiuiic  body  l)V  FMcaiis  of  the 
roinplriiH'iit   Ki.xatioii  test.  The  resulfs  were;  ncf^Mtive. 

1.  A  colifonii  l)acilliis  isolafcMl  frotn  the  uritie  of  one  (tase  wa.s  a^'<^hitiiiated 
l)v  the  sera  of  twciitv  cases  the  only  ones  examined  -in  dilutions  varying 
from  I  in  (0  to  I  in  (ilO. 

Sixty-two  controls  gave  negative  results  with  a  1  in  10  or  hi;^dier  dilution 
of  their  sera. 

5.  Absor})ti()n  ex])('iimcnts  indicat('(|  tli;i<  tli<;  a^'}.,dutinins  for  li.  /nofcus 
"X  19"  and  this  coliform  bacillus  were  distinct. 

().  The  literature  dealing  with  the  heterologous  agglutinins  met  with  in 
the  serum  of  Ty])hus  Fever  has  been  consulted  and  the  various  hypotheses 
that  have  been  put  forward  to  account  for  their  presence  have  been  examined. 
It  is  suggested  that  under  the  stimulus  of  infection  with  the  Typhus  Fever 
virus,  some  bacterium  which  is  a  normal  inhabitant  of  the  human  intestine 
produces  agglutinins  for  itself  and  group  agglutinins  for  numerous  other 
micro-organisms  especially  for  Proteus  "X  19,"  Proteus  "X  2,"  and  various 
members  of  the  Colon-typhoid  group. 
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THK  SErONT)  IN^FFJINA^riONAL  r*ON(;iJKSS  OF 
COMPAIJA'IMVK  PATH()L()(;IY 

TO  HI)  1 1  KM)  IN  Rome  in  Ai'Uil,  1921. 

Tho  following;  letter  havin<jj  reached  me,  after  my  visit  to  Ronif  in 
April,  1920,  1  take  this  means  of  makin^^  its  contents  known  to  those 
desirin<jj  to  participate  in  the  work  of  the  (V)n<^ness. 

The  Italian  Committee  of  Or<ranization  has  a(lo})ted  the  French  lan- 
guage for  all  foreign  correspondence  and  printed  matter  concern in^^  the 
Congress. 

Rome,  p-r  juin  1020. 
Monsieur  el  Ires  horiord  Confrerey 

Les  Congrcssistes  reunis  a  Paris  en  Octobrc  1912  pour  le  I®*"  Congres  Inter- 
national de  Pathologic  Comparee,  ont  designe  la  ville  do  Rome  pour  siege  du  IP"!*^ 
Congres. 

A  la  suite  de  la  guerre  ce  Congres,  qui  devait  se  tenir  en  1 91 4,  a  du  etre  renvoy^; 
Ic  Comity  d' organisation  a  maintenant  6tabli  que  le  II<^me  Congies  International  aie 
lieu  dans  le  prochain  printemps  du  1921. 

Puisque  vous  avez  contribue  avec  autant  d'autorite  que  d'activite  a  la  bonne 
reussite  du  1^^  Congres  International  de  Pathologic  Comparee,  il  est  tout  naturel  que 
nous  osions  nous  adresser  a  vous,  et  vous  prier  de  prendre  I'initiative  pour  organiser 
dans  votre  pays  un  Comite  National.  Nous  esperons  que  cette  tache  ne  vous  donnera 
pas  trop  de  peine,  et  que  vous  pourrez  faire  cormaitrc  au  Secretariat  General  les  noms 
des  savants  qui  en  feront  part,  ainsi  que  ceux  de  vos  compatriotes  a  qui  vous  croyez 
que  nous  puissions  envoyer  un  bulletin  d'adhesion. 

Le  Congres  aura  les  memes  buts  qui  ont  etc  fixes  pour  le  1^^  Congres  international 
de  Paris:  le  reglement,  qui  va  etre  imprime  et  qui  vous  sera  tout  proehainement 
adresse,  suivra  a-peu-pres  les  lignes  trac^es  par  le  reglement  du  I^r  Congres. 

Nous  vous  adressons  des  maintenant  une  ebauche  du  programme,  ou  sont  in- 
diquees  les  principales  questions  qui  pourront  etre  obj^t  de  rapports  et  de  comniuni- 
eations. 

Tout  en  vous  priant  de  nous  indiquer  si  quelques  savants  de  vos  compatriotes 
veulent  bien  se  charger  de  rediger  des  rapports  sur  les  questions  qui  sont  dans  le 
programme,  nous  vous  serions  obliges  si  vous  vouliez  bien  nous  proposer  d'autres 
themes  d'interet  general,  ainsi  que  les  noms  des  relateurs. 

Lorsque  vous  aurez  Tobligeance  de  nous  faire  part  de  la  constitute )ii  de  votre 
Comite  National,  veuillez  aussi  nous  faire  connaitre  s'il  est  preferable  que  toute  com- 
munication soit  adrcssec  personncllcmcnt  aux  ditferents  membrcs  du  Coniitc.  ou  bien 
toujours  par  la  voie  de  la  Pr^sidcnce  ou  du  Secretariat. 

Nous  nous  reservons  de  vous  communiquer  ])rochainement,  avec  le  rt'glemcnt,  la 
date  precise  du  Congres,  les  reductions  qui  pourront  etre  aecordees  par  h-s  ehemins 
de  fcr  et  par  les  compagnies  de  navigation,  etc.;  mais  (les  maintenant  noun  vous 
prevenons  qu'il  sera  n^ccssaire  que  les  titrcs  des  diflf^rents  rapport«  et  dea  communi- 
cations (sur  les  thdmes  des  rapports,  ou  sur  d'autres  sujcts  se  rattachant  k  la  patho- 
logic comparee)  ainsi  (ju'uii  abreg/-  (2.")  lignes  de  AVy-'yA  lettres  chacunc)  puissi'nt  par- 
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vi'nir  au  ISecretaruit  CJ^n^ral  pas  plus  tard  que  le  15  d^ccmbre  1920;  a  fin  que  Ton 
aie  le  temps  de  rediger  et  d'imprimer  le  programme  defiiiitif,  (|ui  sera  envoye  a  tous 
les  Coiigresjiistes, 

Le  droit  tl' admission  a  6te  fixe  a  40  lires. 

Toute  correspondance  relative  au  C'ongres  doit  etre  adressee  a  M.  le  Prof.  Mario 
Levi  Delia  Vida,  Secretaire  G6n6ral  du  Comite  d' Organisation,  58  Via  Palermo,  Rome. 

Nous  vous  remercions  d'avance.  Monsieur  et  tres  honore  Confrere,  de  la  peine  (^ue 
vous  voudrez  bien  prendre  a  fin  de  contribuer  a  la  bonne  r^ussite  du  1P"»«  Congres 
International  de  Pathologie  Compar^e;  et  nous  vous  prions  d'agr6er  rassurance  de 
notre  parfaite  consideration. 

Le  Secretaire  General  Le  President 

Mario  Levi  Della  Vida.  E.  Perroncitu. 

(PROVISIONAL  PROGRAMME,  June,  1920.) 

(a)  Influenza  de  I'homme  et  des  animaux. — {b)  Fievre  aphteuse;  nouvelles  re- 
cherches. — (c)  Cancer  et  sarcome.  Les  donnees  actuelles  sur  la  question  du  cancer. — 
{d)  Rage  et  vaccination  Pasteurienne ;  resultats. — (e)  Peste  bovine  ou  des  ruminants; 
nouvelles  recherches. — (/)  Peste  des  poules  et  les  dernieres  recherches  sur  les  maladies 
des  poules. — {g)  Peste  des  abeilles. — (h)  Cycle  evolutif  du  Dibothriocephalus  latiis  de 
I'homme  et  des  animaux. — (i)  Flasserie  des  vers-a-soie. — (j)  Cycle  evolutif  des  as- 
carides.—  {k)  Cycle  evolutif  des  ankylostomes. — (/)  Les  piroplasmoses. — (m)  Questions 
relatives  aux  acares,  et  la  gale  de  I'homme  et  des  animaux. — (w)  La  regeneration  des 
nerfs  dans  la  pathologie  experimentale,  dans  les  maladies  nerveuses  et  dans  les  lesions 
de  guerre. — (o)  Symbiose  et  parasitisme  chez  les  vegetaux. — (p)  Tenacite  de  vie  des 
parasites  animaux  et  vegetaux. — {q)  Diaspis  pentagona  et  Prospartella  Berleseiy  et 
insecticides. — (r)  Questions  relatives  au  Phylloxera. 

In  a  further  letter  from  the  Secretary  General,  dated  30  June,  1920, 
I  am  requested  to  send  him  the  names  of  those  persons  throughout  the 
British  Empire  who  may  desire  to  aid  in  the  work  of  the  Congress. 
Therefore,  pending  the  formation  of  our  Committee,  communications 
may  be  addressed  to  me  by  those  who  are  interested. 

The  Secretary  General  is  prepared  to  receive  titles  and  abstracts  of 
papers  dealing  with  Comparative  Pathology  of  Man,  Animals  and  Plants, 
provided  that  the  communications  do  not  reach  him  later  than  15  Dec. 
1920.  Those  desiring  to  attend  the  Congress  are  requested  to  communi- 
cate either  with  the  Secretary  General  or  with  me. 

Geo.  H.  F.  Nuttall. 

Address : 
Prof.  George  H.  F.  NUTTALL,  Sc.D.,  F.R.S., 

LONGFIELD,  MaDINGLEY  RoAD, 

CAMBRIDGE, 

ENGLAND. 
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1^>^  Bacteria  In  Fluid  Cult  area 

INTRODUCTION. 

The  work  of  previous  investigators. 

BuCHNER,  LoNGARD  and  RiEDLiN  (1887)  working  with  F.  cholerae.were  the 
first  to  measure  the  rate  of  bacterial  growth  with  any  degree  of  accuracy. 
They  plated  cultures  at  the  beginning  of  each  experiment  and  after  two 
and  five  hours'  incubation  and  calculated  the  generation  time,  making, 
however,  no  allowance  for  "lag."  Subsequent  observers  noticed  that  under 
the  usual  conditions  of  such  experiments  there  is  an  initial  period  of  no,  or 
slow,  growth— the  lag-phase.  Muller  (1895)  was  the  first  to  demonstrate 
the  lag-phase;  Hehewerth  (1901)  noted  that  it  varied  with  the  species  and 
age  of  the  culture  employed  and  Rahn  (19()())  studied  it  in  connection  with 
B.  fluorescens.  Barber  (1908),  however,  who  worked  with  a  single  bacillus 
and  studied  the  actual  rate  of  division,  observed  that  the  period  of  lag  could 
be  abolished,  if  the  organisms  used  for  the  inoculations  were  derived  from 
rapidly  growing  cultures.  Later  observers  have  confirmed  this  observation. 
Lane-Claypon  (1909)  working  with  B.  coli,  B.  typhosus  ,and  B.  enteritidis  made 
observations  on  the  rate  of  growth  of  these  organisms  in  broth  cultures  at 
temperatures  ranging  between  20°  C.  and  42°  C.  Only  in  a  very  few  instances 
were  the  experiments  continued  beyond  30  hours'  incubation.  "The  observa- 
tions show  that  there  are  four  phases  in  the  bacterial  life  of  a  culture :  (1)  an 
initial  period  of  slow  or  no  growth ;  (2)  a  period  of  regular  growth,  the  rapidity 
varying  slightly  at  the  same  temperature,  but  differing  widely  for  different 
temperatures ;  (3)  a  period  when  the  numbers  remain  more  or  less  stationary ; 
(4)  a  period  when  the  numbers  of  living  bacteria  are  diminishing." 

Period  (1)  varies  between  1-6  hours,  according  to  the  temperature. 
Period  (2):  "For  a  given  volume  of  fluid  the  time  during  which  the  bacteria 
continue  to  divide  at  a  maximum  rate  depended  upon  the  insemination  and 
the  temperature,  being  shorter  if  the  inoculations  were  heavy  and  at  the 
higher  temperatures."  Period  (3):  "After  the  culture  has  ceased  growing 
logarithmically  the  rate  of  growth  slackens  gradually,  but  is  still  fairly  active 
until  the  number  of  bacteria  reaches  several  milhons  per  drop  (0-02  c.c), 
that  is  several  hundred  milhons  per  c.c.  At  this  stage  the  number  of  living 
bacteria  appears  to  remain  fairly  constant  for  some  time  after  which  it  begins 
to  decrease  slowly."  "There  appears  therefore  to  be  a  maximum  number 
of  bacteria  which  a  unit  volume  of  the  medium  is  capable  of  supporting: 
this  means  that  for  the  particular  organism  the  conditions  are  no  longer 
favourable  for  increased  growth.  This  may  be  due  to  the  using  up  of  some 
constituents  of  the  broth  or  it  may  be  due  to  some  inhibitory  substance 
produced  by  the  organisms  themselves  in  the  process  of  metabolism.  I  have 
not  carried  out  any  investigations  on  these  points." 

The  nature  of  "lag"  has  been  studied  by  a  number  of  observers.  Coplans 
(1910),  Penfold  (1914)  and  Chesney  (1916)  have  shown  that  the  period  of 
lag  differs  on  different  media  and  under  different  conditions.    Penfold    has 
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(Miimicratod  solium  niiir  difTriciil  liy]M)t  lu'scs  ;is  to  IIk^  causes  of  })acterial  lag, 
all  of  wJiic'li  li(^  regards  as  iiiadcMjnatc.  Ilr  l^alv(^s  the  suggestion  tliat  "the 
iiH'uhat ion  jxM'iod  of  infections  disease  may  ])artly  (hq)end  for  its  existence 
on  bacterial  lag."'  iiedinghani  and  Tenfold  (I'.H  1)  ])nblished  a  niath(;niatical 
analysis  of  the  Iag-])hase  of  hactc^rial  growtli,  and  state;  that  the  logarithmic 
or  second  ])hase  is  succeeded  hy  the;  third  ])hase  during  which  the  generation 
time  gradually  lengthens  till  it-  (iiially  becomes  infinite;  and  no  further  growth 
occurs.  Sul)se(|uontly  the  mathematical  analysis  of  Ledingham  and  Penfold 
was  elaborated  by  Slator  (19 Hi,  1917). 

McKendrick  and  Pai  (1911)  worked  with  li.  coli  and  kept  their  cultures 
at  a  uniform  tem])eratur(;  throughout  their  (;x])eriments.  J^y  using  for  inocula- 
tion organisms  from  cultures  1  .*5  hours  old  they  eliminated  the  latent  (lag) 
period.  They  state  that  "if  there  bo  an  unlimited  supply  of  nutriment,  an 
organism  reproduces  itself  by  compound  interest:  in  a  geometrical  progression, 
i.e.  1,  2,  4,  8,  etc."  "In  test  tube  experiments,  however,  this  simple  state 
of  affairs  is  complicated  by  the  fact  that  the  supply  of  nutriment  is  limited, 
and  consequently  as  time  goes  on,'  the  rate  of  multiplication  falls  ofT."  "  Every 
living  organism  employs  the  nutriment  which  it  has  absorbed  for  two  object-s; 
first,  the  maintenance  of  the  individual;  and,  second,  its  reproduction.  As, 
how^ever,  in  the  case  of  those  micro-organisms  with  which  we  shall  deal, 
the  rate  of  multiplication  is  very  fast,  we  may,  for  all  practical  purposes, 
consider  that  the  amount  of  foodstuff  utilised  for  their  upkeep  is  negligible, 
and  assume  that  the  whole  of  it  is  employed  in  reproduction.  If  we  accept 
this  simplifying  assumption  we  may  say  that  organisms  in  a  test  tube  multiply, 
by  a  simple  conversion  of  the  available  foodstuff  into  other  organisms,  and 
that  the  rate  of  multiplication  is  proportional  to  the  concentration  of  the 
foodstuff." 

Buchanan  (1918)  made  no  experiments,  but  has  published  recently  a 
study  of  the  results  secured  by  various  authors,  and  states  that  "seven  rela- 
tively distinct  periods"  of  growth  may  be  differentiated :  (1)  initial  stationary 
phase;  (2)  lag-phase  or  positive  growth  acceleration  phase;  (3)  logarithmic 
growth  phase;  (4)  phase  of  negative  growth  acceleration;  (5)  maximum 
stationary  phase;  (6)  phase  of  accelerated  death ;  (7)  logarithmic  death  phase. 
His  first  two  phases  seem  to  have  been  included  in  the  lag-phase  of  previous 
workers. 

Penfold  and  Norris  (1912)  made  observations  on  the  relation  of  concentra- 
tion of  peptone  to  the  generation  time,  and  Salter  (1919)  determined  the  rate 
of  growth  of  B.  coli  for  some  hours  and  studied  the  effects  of  various  dyes. 
The  latter  author  observes  that  "a  given  factor  may  influence  the  rate  of  growth 
in  one  phase  and  not  in  another.  It  may  cause  a  lengthening  of  the  leg  phase 
and  have  no  influence  on  the  logarithmic  phase  or  may  even  stimulate  growth 
during  the  latter  phase." 

All  the^e  workers  have  concerned  themselves  mainly  with  the  earlier 
phases  of  growth  and  very  few  experiments  have  been  published  illustrating 
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the  phases  after  24  30   hours'   incubation.     In   all  cases  media  containing 
peptone  were  employed. 

The  scope  of  the  experiments. 

The  experiments  described  in  this  paper  were  undertaken  with  the  purpose 
of  attempting  to  estimate  the  numbers  of  living  organisms,  able  to  multiply 
and  form  colonies  after  subcultivation,  present  at  different  times  in  fluid 
media  during  prolonged  cultivation  under  various  conditions.  Since  the 
events  occurring  in  the  earlier  stages  of  growth  under  certain  experimental 
conditions  have  been  so  carefully  and  so  fully  dealt  with  by  previous  observers, 
and  since  the  events  occurring  in  the  later  stages  have  received  little  attention, 
it  was  considered  unnecessary  to  make  many  observations  on  cultures  which 
had  been  incubated  for  less  than  24  hours. 

The  bacteria  employed.  The  organism  chiefly  employed  was  a  strain^  of 
Staphylococcus  aureus  obtained  from  an  abscess.  In  some  of  the  experiments 
a  strain  of  B.  coli  and  in  others  a  strain  of  B.  pyocyaneus  were  used. 

Media  used.  The  medium  •  used  in  most  of  the  experiments  was  meat 
extract  made  from  fresh  bullock's  heart  muscle.  After  the  removal  of  the 
fat  and  vessels  the  meat  was  passed  through  a  mincing  machine  and  weighed. 
To  every  100  grammes  250  c.c.  of  distilled  water  were  added,  and  the  fluid 
gently  boiled  for  90  minutes.  After  filtration  through  filter  paper  the  clear 
yellow  medium  was  sterilised  for  20  minutes  on  three  successive  days  in  a 
steam  steriliser.  Neither  peptone  nor  salt  were  added.  In  some  of  the  experi- 
ments small  quantities  of  N/IO  soda,  iV/10  hydrochloric  acid,  agar  or  gelatin 
were  added. 

Method  of  estimating  the  number  of  living^  organisms  present. 

In  most  experiments  5  c.c.  of  diluted  meat  extract  (1  c.c.  of  meat  extract 
to  which  4  c.c.  of  sterile  distilled  w^ater  had  been  added)  were  measured  by 
means  of  a  sterile  pipette  into  a  sterile  wide  test-tube.  This  was  inoculated 
with  a  drop  of  a  freshly  prepared  emulsion  in  sterile  distilled  water  of  the 
organism  grown  for  24  hours  at  37°  C.  on  meat  extract  agar^.  After  violently 
shaking  the  culture  to  distribute  the  organisms  (see  Section  XVIII)  and  flaming* 
the  mouth  of  the  tube  a  standard  loopful  of  the  fluid  was  removed  and  trans- 
ferred to  a  tube  of  meat  extract  agar,  which  had  been  melted  and  cooled  to  45°  C. 

^  It  was  noticed  that  different  strains  show  not  only  varying  powers  of  multiplication  in 
the  same  medium,  b\it  remain  at  a  high  level  for  different  periods. 

"  If  living  organisms  incapable  of  forming  visible  colonies  in  agar  on  subculture  were  present 
their  numbers  would  not  be  ascertained  by  the  method  employed. 

'  To  meat  extract  prepared  in  the  manner  described  and  made  neutral  to  neutral  red  by 
the  addition  of  i\710  soda  2  per  cent,  of  washed  agar  is  added.  After  melting  the  agar  in  the 
autoclave  the  medium  is  filtered  through  cotton-wool  and  sterilised.  No  peptone,  salt  or  egg- 
white  are  added. 

*  The  mouths  of  all  the  tubes  used  were  heated  in  the  flame  and  the  other  usual  precautions 
against  accidental  contamination  observed. 
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The  l()(>|)fiil  nf  fluid  was  (list  li  l)iil  cd  in  tin;  ii^M.r  ]»aitl\-  hy  thoroughly  stirring 
t  \\r  airar  w  it  h  t  he  h>()|)  and  pact  l\-  l)\-  lotat  iii^  the  iuhc  hclween  tiic  hands.  The 
coiitcnls  ol  the  tulxi  were  jiouicd  into  a  INitri  dish,  and  tlie  culture  incubated 
at  1^7'  ('.  foi'  "J  I  houi's  or  h)ii^M'r.  The  colonics  ^ro\vin«^  on  tiic  medium  were 
counted  with  the  aid  of  a.  dissecting,'  niicroscojx^,  the  I'etri  dish  hcin^'  phiced 
on  a  «;ias8  ])lat(',  ruled  with  a  diamond  in  th(;  manner  shown  in  Ki^.  I  and 
su))ported  on  a  lar<;e  sta^e  fitted  with  a  substa^e  mirror.  'I'o  facilitate  countinj^ 
a  recording  niachiiu'  o])erated  hy  tlu;  fin<^er  was  made  U8(;  of.  Ivich  colony 
observed  was  recorded  by  ])ressinf]j  the  finiici-  and  the  fatigue  of  bearing  in 
mind  tlie  numbers  was  thus  obviated.  Thcj  numbers  obtained  were  taken  to 
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indicate  the  number  of  living  organisms  capable  of  growth  present  in  a  standard 
loopful  of  the  culture  at  the  commencement  of  the  experiment. 

The  standard  loop  with  the  wire  slightly  bent  was  dipped  into  the  fluid 
to  a  certain  depth  when  the  tube  was  tilted  towards  the  horizontal.  When 
used  in  this  manner  the  loop  was  found  to  carry  0-01  c.c. 

After  varying  periods  of  incubation  the  cultures  were  violently  shaken 
to  distribute  the  organisms  and  standard  lo()])fuls  removed.  When  considerable 
growth  was  indicated  by  slight  cloudiness  of  the  medium  dilution  was  found 
to  be  necessary  before  plating.  In  most  cases  the  loopful  was  diluted  in  5  or 
10  c.c.  of  sterile  distilled  water,  and  from  this  after  violent  shaking  a  loopful 
was  transferred  to  agar  at   15°  C.  The  plate  cultures  thus  obtained  often 
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contained  very  numerous  colonies,  vvhich,^if  the  manipulations  had  been 
carefully  performed,  were  very  evenly  distributed.  In  such  cases  the  colonies 
in  at  least  four  of  the  thirty-two  sections  into  which  the  ruled  counting  plate 
was  divided,  or  an  area  equivalent  to  one-eighth  of  the  whole  plate,  were 
counted.  The  sections  marked  /I,  B,  C\  D  in  Fig.  1,  subdivided  to  ensure 
greater  accuracy  in  counting,  were  chosen.  The  numbers  counted  in  these 
four  sections  multiplied  by  eight  and  the  factor  for  dilution,  were  taken  to 
represent  the  living  organisms  in  one  loopful  of  the  culture. 

Throughout  the  paper  the  figures  represent  the  numbers  calculated  to  be 
present  in  a  standard  loopful  or  0-01  c.c.  of  the  cultures. 

Sources  of  error  in  these  experiments. 

There  are  several  possible  sources  of  error  in  these  experiments  of  which 
the  most  important  seem  to  be  the  following : 

(1)  Uneven  distribution  of  the  organisms  in  the  culture  (see  Section 
XVIII)  at  the  time  of  taking  the  sample  due  to  insufficient  agitation  of  the 
culture  before  taking  the  samples  or  uneven  distribution  in  the  diluting  fluid 
due  to  insufficient  agitation  before  plating.  On  various  occasions  several 
plates  were  made  from  the  same  cultures  after  different  periods  of  shaking  and 
gave  remarkably  similar  results.  It  seems  probable,  therefore,  that  if  the 
cultures  and  the  dilutions  are  sufficiently  shaken  errors  from  this  cause  are 
not  of  great  importance. 

(2)  Uneven  distribution  of  the  organisms  owing  to  unequal  breaking 
up  of  the  clumps  formed  in  the  process  of  multiplication.  For  varying  periods 
after  division  organisms  such  as  cocci  remain  united,  and  a  single  colony 
may  represent  the  descendants  of  one,  two,  three,  four  or  perhaps  more 
individuals.  Errors  from  this  cause  are  unavoidable  in  all  experiments  of 
this  type.  Microscopic  examination  of  the  fluid  of  the  culture  after  shaking 
usually  showed  well  separated  cocci  mixed  with  occasional  small  clumps 
consisting  of  three  or  four  individuals.  Also  the  deep  colonies  in  any  given 
plate  were  usually  of  very  similar  size,  apparently  indicating  that  growth 
had  occurred  from  single  organisms  or  very  small  clumps.  Spontaneous 
agglutination  is  said  to  occur  in  old  cultures.  No  evidence  of  the  occurrence 
of  this  phenomenon  was  obtained. 

(3)  Variations  in  the  quantity  taken  up  by  the  loop.  The  quantity  of 
fluid  taken  up  by  the  same  loop  on  different  occasions  varies,  but  with  careful 
manipulation  the  variations  are  not  sufficient  to  influence  materially  the 
broad  conclusions.  Most  of  the  experiments  were  carried  out  in  duplicate,  a 
procedure  which  tends  to  correct  errors  due  to  variations  in  the  quantity 
carried  by  the  loop.  The  figures  quoted  are  in  many  cases  the  means  of 
readings  from  two  plate  cultures  made  from  separate  dilutions. 

(4)  Death  of  the  organisms  in  the  diluting  fluid.  In  all  cases  cultures 
were  made  from  the  diluting  fluid  within  a  few  minutes.    As  almost  uniform 
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results  were.  obtaincMl  in  ciiltuics  \\\:u\v,  liom  tlic  diluting:  lluid  ;il    iiitorviils 
up  to  ;')0  minutes  (liis  ])()ssil)l('  soun*!  ol  error  may  bo  neglected. 

(;■))  Kxccssivc  luimhcrs  ol  colomcs  on  tlui  ])lat(is.  Wlien  very  high 
numbers  were  sus])ecte,(l  ])lates  were  pn^j)are(l  from  several  tiillcreut  dilutions 
so  as  to  obtain  some,  plates  containing'  suitable  numbers  for  counting. 

(())  C'ontannnation  of  the  cultures.  When  contaminating  organisms 
develo])ed  in  the  cultures  the  experiments  were  discontinued. 

(7)  The  failure  of  living  organisms  to  ])roduce  visible;  colonies  within 
the  period  of  incubation.  Plat(!S  were  counted  on  several  occasions  after 
one,  two  and  three  days'  incubation,  and  almost  invariably  gave  approximately 
identical  ligures.  Only  in  very  exceptional  circumstances  did  the  colonies 
become  more  numerous  after  two  days'  incubation.  In  most  cases  twenty- 
four  hours  may  be  considered  a  sufhcient  period  of  incubation. 

It  is  evident  that  with  the  many  sources  of  error  involved  in  such  experi- 
ments results  of  great  accuracy  cannot  be  expected,  but  the  events  occurring 
in  the  cultures  are  indicated  broadly. 

Method  of  describing  the  experiments. 

Each  series  of  experiments  is  considered  in  the  following  way.  First 
the  aim  of  the  experiment  is  explained,  next  the  composition  of  the  media 
used  and  methods  employed  are  stated  and  then  the  results  are  given  in  the 
form  of  tables  and  charts  showing  the  numbers  of  organisms  calculated  as 
present  per  standard  loop  of  the  culture  on  each  occasion  of  counting.  Finally 
the  sequence  of  events  presumably  occurring  in  the  culture  is  indicated  and 
the  general  conclusions  which  appear  to  be  permissible. 

Irregularities  in  the  curves  have  been  regarded  as  due  in  many  cases  to 
errors  in  manipulation. 

Section  I.   Growth  in  neutral  meat  extract  medium. 

Several  experiments  have  been  carried  out  at  different  times  in  the  two 
years  during  which  the  work  has  been  in  progress  to  ascertain  the  course 
of  events  in  neutral  meat  extract  cultures  of  a  certain  strain  of  S.  aureus. 
In  different  experiments,  provided  that  the  cultures  used  for  inoculating  the 
meat  extract  had  been  grown  under  similar  conditions  and  the  nundjer 
of  organisms  inoculated  was  small,  very  similar  results  were  obtained. 

Since  the  results  vary  according  to  the  immbers  inoculated  and  the 
previous  history  of  the  culture  it  is  impossible  to  establish  an  exact  standard 
with  which  the  results  of  other  experiments  can  be  compared.  Consequently 
every  series  of  experiments  devised  to  ascertain  the  effects  of  altered  conditions 
should  be  accompanied  by  controls. 

In  order  to  keep  the  strains  of  organisms  alive  and  vigorous  ** stock" 
cultures  were  grown  on  meiit  extract  agar,  and  subcultivated  every  8-10 
days.  Previous  to  eiich  experiment  a  subculture  was  made  on  the  surface 
of  agar  and  incubated  for  18  hours  at  37°  C.  From  this  subculture  an  emulsion 
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ill  distilled  water  was  prepared,  and  one  drop  of  the  enuilsion  was  used  for 
inocuhitint^  each  tube  containing  meat  extract  1  c.c,  A^/10  soda  0-08  c.c.^, 
distiUed  water  3-9'2  c.c.  The  enmlsions  were  of  such  strength  that  each  loopful 
of  the  medium  after  inocuhition  contained  less  than  10,000  organisms. 
Immediately  after  inoculation  and  the  distribution  of  the  organisms  by 
violent  shaking  a  standard  loopful  of  the  culture  was  added  to  melted  agar 
at  45°  C.  and  a  plate  culture  made  in  order  to  ascertain  the  number  of  organisms 
present  at  the  commencement  of  the  experiment.  After  various  periods  of 
incubation  at  37°  C.  standard  loopfuls  were  transferred  to  distilled  water 
(usually  5  or  10  c.c),  and  from  these  dilutions  plate  cultures  wxn-e  prepared 
in  the  manner  previously  described.  The  results  of  four  experiments  carried 
out  in  November  and  December  1918  are  quoted,  and  Chart  1  is  constructed 

Days 

Numbers 
9,000,000 


5,000,000 


Chart  1.   Illustrating  the  numbers  of  living  cocci  present  daily  in  a  neutral  meat  extract  culture. 

from  the  mean  daily  counts.  This  chart  may  be  taken  to  illustrate  the  course 
of  events  in  a  culture  of  Staphylococcus  aureus  under  the  conditions  described^, 
and  further  it  may  be  used  to  some  extent  as  a  rough  standard. 


A 

B 

C 

D 

Mean 

Original  numbers: 

1784 

5660 

1392 

520 

2339 

Days.    1 

7,632,000 

7,680,000 

6,208,000 

5,920,000 

6,610,000 

2 

9,280,000 

9,872,000 

10,606,000 

9,248,000 

9,751,000 

3 

6,650,000 

5,840,000 

8,656,000 

8,905,000 

7,514,000 

4 

2,992,000 

4,016,000 

3,120,000 

5,632,000 

3,940,000 

5 

2,312,000 

2,560,000 

1,600,000 

2,280,000 

2,188,000 

6 

1,608,000 

1,376,000 

872,000 

1,376,000 

1,308,000 

7 

688,000 

732,000 

724,000 

1,080,000 

806,000 

8 

— 

492,000 

508,000 

704,000 

568,000 

9 

— 

148,000 

200,000 

466,000 

271,000 

10 

— 

48,000 

68,000 

216,000 

111,000 

11 

— 

27,500 

32,000 

78,000 

46,000 

12 

— 

9,984 

— 

— 

— 

^  It  was  found  that  in  most  preparations  of  meat  extract  Njld  soda  to  the  extent  of  0-08  c.c. 
to  each  1  c.c.  of  meat  extract  was  required  to  bring  the  fluid  to  the  neutral  point  of  neutral  red. 

2  The  results  of  the  inoculation  of  different  numbers  and  of  organisms  grown  under  other 
conditions  are  given  elsewhere  (Sections  IV  and  V). 
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Miilii|ili(;il  ion  piocccds  \«m-v  lapidlx  (lining  tlic  first  day  mid  more  slowly 
in  the  second,  ulicii  I  lie  Muixiniiiin  niindxT,  iihont  10, ()()(), 000  ])('f  standard 
looj),  is  r('acli('(i.  l/itci"  the  iminhci-  ol  li\iii«4  or^juiisriis  docrcases  at  first 
i:i])i{llv,  l)»il  Jatci-  luoic  slowlw  until  a.  low  lovt'l  is  rcacJu^d,  which  roinaiiis 
fairlv  consfanl  lor  a  loii^'  jx-riod,  in  spite  of  the.  diminution  of  the  volume 
of  (lie  lluid  l)v  eva])oration.  In  somt^  instances  culturcjs  have  been  examined 
after  51^  davs'  incuhalioii,  when  the  volume,  of  the  fluid  had  decreased  to  less 
than  1  c.c.  I^veii  undei-  these  circu instancies  lar^e  niimheis  of  the  organisms 
were  found  to  he  ali\(\  a])j)arently  indicating  that  the  survivors  were  little 
influciu'cd  hy  the  increasing  concentration  of  their  ])roducts  brought  about 
by  evaporation.  During  this  ])rol()nge(l  ])eri()d  of  relative  constancy  in  numbers 
small  oscillations  are  observed  in  all  ex])eriments  of  this  nature.  To  determine 
whether  such  oscillations  are  the  result  of  faulty  technique  or  are  due  to 
occasional*  periods  of  slight  multiplication  and  subsequent  diminution  in 
numbers  would  require  further  investigation. 

Section  IL    The  influence  of  the  frevious  rate  of  tiansflantation  of 
the  culture  used  for  inoculation. 

The  frequency  with  which  the  cultures  used  for  inoculation  have  been 
subcultivated  on  agar  slopes  influences  the  results  sufficiently  to  modify  the 
appearance  of  the  charts.  Three  observations  are  quoted  to  illustrate  this 
influence. 

Experiment  (I)  was  similar  in  all  respects  with  those  quoted  in  the  last 
section  except  that  the  cocci  used  for  inoculation  had  been  transplanted  at 
intervals  of  three  or  four  days  during  a  period  of  two  months.  Experiment  (II) 
was  the  same  in  all  respects  as  experiment  (I),  but  was  carried  out  nine 
months  later.  Experiment  (B)  was  similar  except  that  the  cocci  used  were 
transplanted  daily  for  six  days. 


Mean  of 

Exp.  (I) 

Exp.  (H) 

(I)  and  (II) 

Exp.  (B) 

Original  numbers: 

632 

5920 

3176 

5760 

Days.    1 

5,968,000 

6,928,000 

6,448,000 

9,696,000 

2 

8,744,000 

8,112,000 

8,428,000 

12,976,000 

3 

10,448,000 

10,240,000 

10,344,000 

11.248,000 

4 

9,968,000 

9,0o(),000 

9,487,000 

2,864,000 

5 

8,688,000 

7,104,000 

7,89(5.000 

— 

6 

7,002,000 

4,09(),00() 

5,549,000 

1.244,0(W 

7 

2,496,000 

2,192,000 

2,344, (MK) 

408,000 

8 

852,000 

1,.")92,000 

1.222,(M>0 

272,0(X) 

0 

296,000 

1.092,000 

646.000 

148,000 

10 

252,000 

114,000 

1S6.000 

79,500 

u 

212,000 

70,0(K) 

14I.(MM) 

46,r>00 

12 

204,000 

56,000 

130,(KM) 

13.824 

13 

87,500 

42,000 

64,000 

^      29,056 

14 

61.500 

24.500 

42,100 

30.400 

15 

44,500 

— 

— 

— 

16 

37,500 

— 

— 

— 

17 

17.(M>() 

— 

— 

— 

18 

14,460 

— 

— 

— 

\4'2 
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Frequent  transplantation  over  a  long  period  (Expts.  I,  II)  results  in  the 
maxiniuni  being  reached  a  day  later  than  in  the  standard,  and  in  the  line  of 
decline  in  numbers  lagging  about  two  days  behind  the  standard.  Several 
subcultivations  in  rapid  succession  (Expt.  B)  result  in  very  rapid  growth,  a 
high  maximum  and  a  very  rapid  fall  in  the  numbers. 

Days 

Numbers 


10,000,000 


5.000,000- 


Chart  2.  Showing  deviations  from  the  "standard"  curve,  A.  Curve  B  illustrates  the  type  of 
growth  when  a  culture  which  has  been  rapidly  transplanted  and  curve  C  when  a  culture 
which  has  been  subcultivated  frequently  over  a  long  period  is  used. 


Section  III.    The  relation  of  growth  to  the  quantity  of  food  substance  f  resent. 

In  order  to  ascertain  the  relation  of  growth  to  the  proportion  of  food 
substance  (meat  extract)  present,  five  tubes  containing  the  following  ingredients 
were  each  inoculated  with  a  drop  of  an  emulsion  of  Staphylococcus  aureus 
and  incubated  at  37°  C. 


Tube 

Meat  extract 

Distilled  water 

1 

5  c.c. 

Oc.c. 

2 

3-75  c.c. 

1-25  CO. 

3 

2-5     „ 

2-5     „ 

4 

1-25    „ 

3-75    „ 

5 

•5      „ 

4-5      „ 

Before  incubation  the  mean  number  of  cocci  per  standard  loopful  in  each  tube  was  .868. 

22  hrs.           40  hrs.           64  hrs.  88  hrs.  112  hrs.  138  hrs.  162  hrs. 

Tube  1     11,808,000  18,960,000  23,424,000  25,840,000  22,816,000  19,376,000  16,384,000 

2  10,664,000  16,960,000  20,300,000  20,864,000  17,936,000  13,784,000  9,840,000 

3  8,880,000  13,288,000  15,760,000  13,696,000  10,960,000  6,904,000  2,448,000 

4  6,296,000  9,336,000      9,416,000  5,736,000  732,000  218,000  118,000 

5  3,566,000  4,273,000      3,392,000  568,000  57,500  17,750  17,750 
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'rwl.r  I   I 

.-{ 

4 
5 

TiiJ.r  1 

:\ 

4 
5 


180  hrfl. 

i.s:jj.(k)() 
7.7 1:{. »>(»(> 

(>.s.7:.() 

If).  ;■)()(> 
354  hfH. 

i.:?.">2.()()(> 


204  hrs. 

i:{,07(i.(K)(> 

(»,!»S !.(»(»(» 

ai.7:.<» 
i<>.7:.(> 

'M2  Iws. 
I  Ki.OOO 

28,000 


2'M   hrH. 

I  i.r)LM>.(»i() 

7.S,(K((» 

i:i,7:.(> 
r><>,r)()(> 

:{<iii  iiiH. 

81,000 
20,250 


258  hrH. 

i().(;«;i.o()() 

1. 02 1. (too 

2:{,ooo 

12.000 
57.000 

120  luH. 

:{( (0.000 

121,000 

140,000 

27,500 

20,750 


282  hrH. 

0.008.000 

.'{02.000 

11.000 

10.250 

57,750 

I  It  ill'M. 

182,000 
127,000 


300  hrH. 

0,OM,0(K) 

.•{78,000 

28.750 

1  1.500 

70,000 

108  hrH. 
2.H  1,000 
32(i,000 
142,000 
8,104 
1,152 


3 


a    o 


ours      (N    ^     «o 


OD       Cl       uC 
00      F-      CO 


=  s^  :2  2  s  g^ 


Niimhf 
25,000,000 


20,000,000  - 


15,000,000- 


10,000,000- 


o.OOO.lXK)  - 


CI 

T 


CO 

o 

CO 


o 


30  hrH. 

!)20,0()0 

201,000 

20,000 

10,000 

71.750 

20  (layH 

03,808 

170,490 

02,848 

24,108 

730 


»0    I-*       C       ^4       -f      CO 

CO  CO     CO     -1*     f    I* 


Chart  3.  Showing  the  relation  of  growth  to  the  proi^rtion  of  food  substance  present.  Tube  1 
conUiin8  tijc  largest  projx^rtion  and  tubes  2,  3,  4  and  5  contain  |,  |,  4  and  ^^  respectively 
of  the  amount  in  tube  1. 
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Tube 


53  (lays  * 

88  days 

144  days 

209  days 

I 

253,725 

24,768 

29,500 

11,744 

2 

14«,Slt) 

4,256 

12,000 

15,360 

3 

48,896 

3,392 

4,000 

8,576 

4 

102,912 

6.784 

32,000 

8,768 

5 

720 

360 

1,000 

128 

*  Contents  of  tubes  reduced  to   1  e.c.  or  less  by  evaporation.     On  60th,  110th,   121st  and 
156th  days  made  up  to  5  e.c.  with  distilled  water. 

It  is  evident  that  the  greater  the  proportion  of  meat  extract  the  greater 
is  the  multipHcation  and  the  longer  the  period  which  elapses  before  the  curve 
reaches  its  highest  point ;  in  fact  the  multiplication  appears  to  be  proportional 
to  the  concentration  of  meat  extract  in  the  culture.  The  length  of  the  period 
of  rapid  decline  is  also  related  to  the  concentration  of  the  meat  extract. 

After  the  period  of  rapid  decline  small  numbers  of  the  organisms  remain 
alive  for  an  indefinite  time.  As  in  other  experiments  slight  fluctuations  in 
their  numbers  seemed  to  occur. 


Section  IV.    The  influence  of  the  numbers  inoculated. 

In  order  to  ascertain  the  extent  to  which  the  course  of  events  at  37°  C. 
is  influenced  by  considerable  differences  in  the  numbers  of  cocci  inoculated 
several  experiments  were  carried  out  of  which  one  is  quoted.  Each  tube  con- 
tained meat  extract  1  e.c,  iV/10  soda  0-08  e.c,  distilled  water  3-92  cc 


Original 

• 

number 

20  hrs. 

2  days 

3  days 

4  days 

5  days 

6  days 

No.  1 

25,664,000 

27.616,000 

28,696,000 

22,368,000 

15,872,000 

8,112,000 

1,296,000 

2 

9,248,000 

13,024,000 

13,344,000 

10,152,000 

7,552,000 

5,128,000 

2,552,000 

3 

3,216,000 

11,566,000 

12,848,000 

— 

5,920,000 

2,624,000 

936,000 

4 

1,392 

6,208,000 

10,606,000 

8,656,000 

3,120,000 

1,600,000 

872,000 

5 

520 

5,920,000 

9,248,000 

8,905,000 

5,632,000 

2,280,000 

1,376,000 

7  days 

8  days 

9  days 

10  days 

11  days 

23  days 

No.  1 

488,000 

152,000 

71,000 

41,500 

47,500 

5 

2 

2,112,000 

1,552,000 

1,344,000 

800,000 

504,000 

18,584 

3 

824,000 

728,000 

608,000 

300,000 

248,000 

14,376 

4 

724,000 

508,000 

200,000 

68,000 

32,000 

16,356 

5 

1,080,000 

704,000 

566,000 

216,000 

78,000 

8,704 

In  this  medium  with  a  small  inoculation  the  maximum  number  of  cocci 
present  at  any  period  does  not  usually  exceed  10-12  millions  per  standard 
loop.  If  the  initial  dose  greatly  exceeds  this  figure  multiplication  proceeds 
relatively  slowly  for  two  days  and  subsequently  there  is  a  very  rapid  fall  in 
numbers.  With  an  initial  dose  close  to  this  figure  a  somewhat  similar  curve 
is  produced,  though  the  rate  of  fall  is  not  so  rapid.  Much  smaller  initial  doses 
produce  the  *' standard"  type  of  curve. 
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Days 

Numberis 


25,000,000 


20,000,000 


15,000,00 


10,000,000 


5,000,000 
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Chart  4.  Showing  the  influence  of  the  dose  of  organisms  inoculated  into  the  medium.  Tube  1 
contained  at  the  beginning  25  million  cocci  per  loop;  tube  2,  9  million;  tube  3,  3  million; 
tube  4,  1392;  and  tube  5,  520. 


Section  V.  Thewflnenceofsmalldifferencesin  numbers  in  the  initial  inoculation. 

In  most  of  the  experiments  quoted  in  this  paper  small  drops  of  dilute 
emulsions  of  S.  aureus  were  used  for  inoculating  the  cultures.  The  experiment* 
of  Section  V  were  carried  out  in  order  to  ascertain  to  what  extent  small  dif- 
ferences in  the  numbers  inoculated  influence  counts  made  after  24  or  more 
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hours'  cultivations  at  37°  C.  An  emulsion  of  moderate  strength  was  tirst 
made,  and  from  this  dilutions  calculated  to  contain  approximately  -,Jjj,  jj^ 
and  y^\)o  of  the  organisms.  It  will  be  seen  from  the  table  that  after  20  hours' 
cultivation  all  four  cultures  contained  nearly  equal  numbers.  By  mistake 
a  slightly  greater  proportion  than  usual  of  water  was  added  to  the  meat 
extract. 


Full  strength 
iV 


Original 
number 

34,400 

4,300 

420 

59 


2  hrs. 

50,800 

0,200 

928 

101 


4  hrs. 

094,000 

12,750 

1,775 

320 


0  hrs. 

2,748,000 

210,000 

9,300 

2,090 


8  hrs. 

4,544,000 

1,408,000 

34,000 

9,760 


10  hrs. 
0,250,000 
3,840,000 

471,000 
49,000 


20  hrs. 
8,720,000 
8,544,000 
8,490,000 
7,584,000 


5,000,000" 


-1 — I — I — J — r 


Hours  2  4  6  810 

Numbers 
8,000,000 


//    - 


/A.// 

/    100^/  1 


,         // 1000 

/        // 


-i'^--K  -^ 


Chart  5.   Showing  the  rate  of  growth  in  cultures  inoculated  with  small  numbers  of  cocci. 

The  variations  in  numbers  usually  encountered  in  emulsions  made  in  the 
manner  generally  employed  in  these  experiments  are  not  likely  therefore  to 
affect  very  materially  the  results  in  different  experiments  of  the  same  kind.^ 


Section  VI.    The  influence  of  occasional  additions  of  small  quantities 

of  food  suhstance. 

Seeing  that  the  concentration  of  products  by  evaporation  appeared  to 
have  little  effect  on  the  surviving  organisms,  a  series  of  experiments,  of  which 
one  is  quoted,  was  undertaken  to  ascertain  the  results  of  adding  fresh  food 
material  at  different  stages  of  cultivation. 

Four  tubes.  A,  B,  C,  D,  containing  meat  extract  -75  c.c,  iV/10  soda  0-06  and 
distilled  water  4-19  c.c.  w^ere  inoculated  with  drops  of  an  emulsion  of  S.  aureus, 
and  the  numbers  estimated  daily  in  the  usual  manner.  The  tubes  were 
incubated  at  37°  C.  The  mean  number  of  cocci  per  standard  loopful  at  the 
bet^inning  of  the  experiment  was  816. 

In  the  case  of  tube  A  no  addition  was  made  up  to  the  12th  day  and  the 
curve  up  to  that  time  follow^s  the  normal  course.  On  the  12th  day  ten  drops 
of  undiluted  meat  extract  were  added  resulting  in  a  great  rise  in  the  numbers, 
followed  by  a  gradual  decline.    On  the  23rd  day  when  again  a  low  level  had 
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l)reii  rcaclicd  two  drops  ol  conciintiJitiul  inc;it  (extract  (10  c.c.  of  ineat  extract 
ova})orate(l  to  l-Oc.r.  at  40°  C.)  were  addend,  and  resulted  in  a  rise  and  sub- 
se(iuent  fall  in  tin',  numbers  somewhat  similar  to  that  which  occurred  at  the 
bej^innin^  of  ihc  experiment. 

This  experiment  ap})eiirs  to  show  that  the  fall  in  numbers  is  due  mainly 
to  exhaustion  of  food  material,  and  not  to  accumulation  of  products. 

In  the  case  of  tube  li  a  droj)  of  undiluted  meat  extract  was  added  on  the 
•ItJi  and  oth  days  when  the  numl)er  was  declininj^  and  caused  a  retardation 
in  the  rate  of  the  fall.  On  the  1 0th  day  six  drops  of  meat  extract  were  added 
and  two  drops  on  each  of  the  following  three  days.  This  i)rocedure  resulted 
in  a  moderate  rise  like  that  seen  in  tube  A.  On  the  23rd  day  when  a  low  level 
had  been  reached  two  drops  of  the  concentrated  meat  extract  given  to  tube  A 
were  added,  and  gave  a  similar  result.  On  the  37th  day  the  volume  of  the 
culture  had  fallen  to  0-53  c.c.  owing  to  evaporation,  and  sufficient  sterile 
distilled  water  was  added  to  bring  up  the  volume  to  5  c.c.  On  the  40th  day 
one  drop  of  the  concentrated  meat  extract  was  added  and  resulted  in  a  rise 
in  numbers  followed  by  a  slow  decline.  On  the  50th  and  three  following  days 
a  drop  of  concentrated  meat  extract  was  added  and  caused  a  very  great 
increase  in  the  numbers.  The  experiment  was  abandoned  on  the  59th  day. 

In  tubes  C  and  D  growth  was  allowed  to  proceed  till  the  4th  day  when  a 
decline  in  numbers  was  beginning  to  occur.  In  the  case  of  tube  C  a  drop  of 
meat  extract  of  the  same  composition  as  the  medium  in  the  tube  was  added 
daily  from  the  4th  to  the  9th  days.  This  resulted  in  a  slow  but  steady  decline 
showing  that  insufficient  nutrient  material  was  being  supplied  daily  to  keep 
the  numbers  at  a  high  level.  From  the  10th  to  the  22nd  days  tw^o  drops  were 
added  daily,  resulting  in  the  rate  of  decline  becoming  slower.  An  irregularity 
in  the  curve  of  unknown  causation  occurred  on  the  15th,  16th  and  17th  days. 

In  tube  D  a  drop  of  distilled  water  was  added  from  the  4th  to  the  9th  days 
and  two  drops  from  the  10th  to  the  23rd  days.  This  slight  dilution  caused  no 
obvious  deviation  from  the  usual  course  of  events. 

On  the  23rd  day  tw^o  drops  of  the  concentrated  meat  extract  supplied  to 
tubes  A  and  B  were  added  to  C  and  D  and  resulted  in  considerable  rises 
followed  by  rapid  declines.  The  rise  of  D  w&s  higher  than  that  of  C  and  may 
perhaps  be  accounted  for  by  some  difference  in  the  quantity  of  material 
added.  Again  on  the  40th  day  one  drop  of  the  same  concentrated  meat 
extract  was  added  to  each  tube  and  resulted  in  a  rise  followed  by  a  decline. 
The  rise  in  C  was  greater  than  in  D.  After  a  sufficient  decline  in  numbers 
had  taken  place  a  drop  of  concentrated  meat  extract  (50  c.c.  of  meat  extract 
evaporated  to  2-0  c.c.  at  40°  C.)  w^as  added  daily  to  each  tube  between  the 
56th  and  64th  days,  and  resulted  in  a  great  daily  rise  in  the  numbers  for 
five  days.  Then  for  four  days  the  numbers  remained  very  high,  but  with  a 
tendency  to  remain  at  approximately  the  same  level.  The  oscillations  in  the 
chart  were  probably  due  to  irregularities  in  the  drops  added  and  to  difficulties 
in  counting  such  large  numbers.    On  the  64th  and  65th  days  smaller  drops 
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were  used.  In  the  case  of  tube  C  the  experiment  ceased  at  this  point,  but  in 
the  case  of  tube  D  it  was  continued  the  smaller  drops  being  added  daily 
by  means  of  a  glass  tube  passed  through  the  cork  of  the  vessel  containing 
the  meat  extract.  In  this  way  drops  of  approximately  ecjual  size  were 
delivered.  This  procedure  resulted  in  an  initial  fall  in  the  numbers,  and  then 
in  the  numbers  remaining  approximately  the  same  for  each  day's  count.  The 
experiment  was  discontinued  on  the  75th  day. 

On  the  37th  day  owing  to  evaporation  each  tube  contained  less  than  5  c.c. 
of  fluid.  They  were  made  up  to  5  c.c.  with  sterile  distilled  water. 


Immediate 

Tube 

culture 

1  day 

2  days 

3  tlays 

4  days 

A 

816 

4,864,000 

5,872,000 

6,928,000 

5,100,000 

B 

— 

5.024,000 

6,000,000 

6,696,000 

5,168,000  +  1* 

C 

— 

4,016,000 

6,160,000 

(),352,000 

5,264,000  + 1 

D 

— 

4,272,000 

6,112,000 

6,664,000 

4,992,000  + 1  w. 

5  days 

6  days 

7  days 

8  days 

9  days 

A 

3,072,000 

742,000 

372,000 

280,000 

140,000 

B 

4,536,000  + 1 

3,408,000 

1,054,000 

248,000 

120,000 

C 

4,949,000  + 1 

4,496,000  +  1 

3,848,000  + 1 

2,928,000  + 1 

2,476,000  + 1 

D 

3,260,000  + 1  w. 

536,000  + 1  w. 

344,000  + 1  w. 

208,000  + 1  w 

—   + 1  w. 

10  days 

11  days 

12  days 

13  days 

14  days 

A 

171,000 

75,500 

60,500  + 10 

2,812,000 

2,572,000 

B 

140,000  +  6 

1,786,000  +  2 

2,212,000  +  2 

2,504,000  +  2 

1,984,000 

C 

2,416,000  +  2 

2,200,000  +  2 

1,968,000  +  2 

1,696,000  +  2 

1,740,000  +  2 

D 

160,000 +  2  w. 

82,500  +  2  w. 

64,000+ 2  w. 

59,000  + 2  w 

.   77,500  +  2 

15  days 

16  days 

17  days 

18  days 

19  days 

A 

2,088,000 

1,056,000 

696,000 

528,000 

312,000 

B 

600,000 

300,000 

160,000 

104,000 

64,000 

C 

2,008,000  +  2 

1,264,000  +  2 

1,236,000  +  2 

729,000  +  2 

780,000  +  2 

D 

180,000  + 2  w. 

102,000  + 2  w. 

43,500  + 2  w. 

49,500  +  2  w 

.   32,000  +  2  w. 

20  days 

21  days 

22  days 

23  days 

24  days 

A 

140,000 

92,000 

65,000 

53,000  + 2  c. 

7,232,000 

B 

— 

96,000 

— 

45,000  + 2  c. 

5,536,000 

G 

628,000  +  2 

976,000  +  2 

1,200,000  +  2 

1,304,000  + 2  c. 

5,264,000 

D 

43,500  +  2  w. 

224,000  +  2  w. 

96,000  +  2  w. 

75,500  +  2  c. 

7,600,000 

25  days 

26  days 

27  days 

28  days 

29  days 

A 

8,448,000 

— 

8,336,000 

4,536,000 

1,720,000 

B 

6,960,000 

7,024,000 

8,288,000 

3,568,000 

1,552,000 

C 

5,520,000 

5,448,000 

5,280,000 

4,320,000 

1,632,000 

D 

8,112,000 

7,888,000 

8,440,000 

3,536,000 

1,472,000 

30  days 

31  days 

32  days 

33  days 

34  days 

A 

1,008,000 

742,000 

544,000 

338,000 

254,000 

B 

1,064,000 

888,000 

— 

436,000 

356,000 

G 

1,502,000 

840,000 

488,000 

292,000 

332,000 

D 

1,312,000 

1,240,000 

1,008,000 

800,000 

536,000 

*  The  sif^n  +  1  indicates  that  a  drop  of  meat  extract  was  added  immediately  after  the  sample 
for  estimating  the  numbers  was  taken,  + 1  c.  indicates  a  drop  of  concentrated  meat  extract,  and 
+ 1  w.  indicates  a  drop  of  sterile  distilled  water. 


.'{(»  (lavs 

.'{7  (liiyn 

:{•)  (lays 

10  (lays 

22S,()(M) 

made  ii|>  to  fi  CO. 

12,801 

1  (Irojj  concentrated 
meat  extract  added 

27(;.0(M) 

>t 

8,192 

»> 

:{()(),( HH) 

>» 

I2,l»« 

f> 

380,000 

»» 

3,744 

tt 
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Tube  ;{")  (lays 

.1  271,000 

B  :mi.ooo 

C  ;{()  1.000 

D  .'548,(M)0 

41  days  42  days        43  days  44  days        45  days 
A               —                         —                         _  _  _ 

B  2,r)l  2,000  5,552,000  4,128,000  3,712,000  3,500,000 

C  3,t)3().(K)0  5,280,000  4,!)28,000  5,008,000  3,708,000 

D  3,352,000  2,()(>(),000  2,312,000  2,672,000  2,004,000 

46  days  47  days  48  days  49  days  50  days 

A               —                          —  —  —                          _ 

B          2,320,000  1,992,000  1,840,000  1,715,000  1,312,000 

C           2,090,000  2,448,000  2,072,000  2,112,000  1,408,000 

D          2,512,000  1,744,000  416,000  11(5,000         22,500 

51  days  52  days  63  days  54  days  55  days 

A               —  —  _  _  _ 

B           1,128,000  680,000  556,000  245,000  72,fK>0 

C           1,048,000  488,000  268,000  132,000  148,000 

D               39,000  70,500  74,000  56,000  12,000 

56  days        57  days        58  days        59  days        60  days 
A  —  —  —  —  — 

B  49,700 +  lc.  2,472,000  +  1  9,744,000  +  1  13,792,000  +  1        — 

C  43,950 +  lc.  3,880,000  +  1  11,568,000  +  1  17,360,000  +  1  19,488,000  +  1 

D  1,670  +  1  c.  3,584,000  +  1  10,272,000  +  1  17,968,000  +  1  19,152,000  +  1 

61  days        62  days        63  days        64  days        65  days 
C  —  +1    24,736,000  +  1    23,892,000  *+ 1    25,744,000  + 1  s.*  26,118,000  + 1  s. 

D  —   +1    26,176,000  +  1    24,160,000  +  1    23,840,000  + 1  s.  25,472,000+18. 

66  days        67  days        68  days        69  days        70  days 
C     22,448,000  + 1  s.       —  —  —  — 

D     20,768,000  +  1  s.       —  +  1  s.   16,136,000  +  1  s.  14,506,000  +  1  s.  14,064,000  +  1  s. 

71  days        72  days        73  days        74  days        75  days 
D     13,232,000      13,008,000      12,850,000      12,960,000      12,736,000 

*  + 1  s.  indicates  a  smaller  drop  than  previously  used.  See  text,  p.  148. 

This  experiment  shows  that  in  the  medium  used  the  rapid  fall  in  numbers 
which  follows  the  initial  rise  is  not  due  to  the  accumulation  of  products, 
but  is  caused  mainly  by  the  using  up  of  food  material,  since  the  addition  at 
any  time  of  small  quantities  of  fresh  food  material,  insufficient  in  amount 
to  cause  appreciable  dilution  of  the  products,  results  in  further  growth  to 
some  extent  proportional  to  the  amount  of  food  material  added.  Moreover 
it  shows  that  very  small  daily  additions  of  food  material  retard  the  rate  of 
decline  and  that  large  daily  additions  cause  a  great  rise  in  the  numbers, 
resulting  in  a  high  and  approximately  constant  level  being  maintained  at 
least  for  some  time. 

Joum.  of  Hyg.  xix  10 
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G.  S.  Okaha.m-Smith  1.31 

Section   \I1.     The  inJI 'fence  of  re(/ifhir  addilions  of  small  <pianlities 

of  food  si/hstance. 

This  (vxjM'iiiiiciit  \\;is  cairicd  oiil  in  oidci-  to  jiscuTtain  whetlK^r  it  is  possible 
to  ktM'p  I  he  111  I  111  hers  of  i)iicl  ci'ia.  in  a,  cull  iiic  inciihalcd  ;it  37°  C.  at  a  constant 
level  hy  daily  additions  of  small  (juantiti(;s  of  food  material. 

In  each  of  t  hroe  lar<^e  test-tubes,  A,  /^aiid  (J,  10  c.c.  of  sterile  distilled  water 
were  ])hu'ed.  'i\)  (^acli  two  drops  of  a  eoneentrated  ni(?at  (extract  (50  c.c.  of 
meat  extract  ev{i])orated  to  7  c.c.  at  10°  C.)  were  added  daily  up  to  the  13th 
day.  Approximate  uniformity  in  the  size  of  the  drops  was  securcul  })y  keeping 
the  concentrated  meat  extract  in  a  test-tube  closed  with  a  paraffined  cork 
through  which  a  <];lass  tube,  drawn  out  at  its  inner  end,  passed.  J)rops  from 
this  tube  w^ere  used  throughout  the  experiment.  Immediately  after  the  first 
addition  of  meat  extract  each  tube  was  inoculated  with  a  drop  of  an  enmlsion 
of  S.  aureus. 

The  numbers  increased  daily  for  five  days  and  then  kept  approximately 
level  at  about  9,000,000  per  loop  up  to  the  14th  day.  On  and  after  that  date 
one  drop  only  was  added  daily.  The  numbers  fell  rapidly  during  the  next 
three  days  to  2-5  millions  per  loop  and  then  remained  at  this  level  till  the 
conclusion  of  the  experiment  on  the  27th  day. 

Chart  7  illustrating  this  experiment  is  compiled  from  the  daily  mean  of 
the  three  tubes  A,  B  and  C  up  to  the  12th  day,  when  tube  A  became  con- 
taminated ;  from  the  daily  mean  of  tubes  B  and  C  to  the  21st  day,  when  tube  B 
became  contaminated.  The  counts  were  made,  except  on  the  occasion  stated 
in  the  table,  at  the  same  time  each  day. 


Original 

Tube 

number 

30  hrs. 

2  days 

3  days 

4  days 

5  days 

A 

3808 

2,576,000 

3,376,000 

4,544,000 

6,624,000 

9,088,000 

B 

3136 

2,736,000 

3,248,000 

4,128,000 

6,702,000 

8,832,000 

C 

3516 

2,272,000 

3,904,000 

4,976,000 

7,024,000 

9,744,000 

Mean 

3487 

2,528,000 

3,509,000 

4,549,000 
9  days,  1  hr. 

6,786,000 

9,221,000 

6  days 

7  days 

8  days 

earlier  than  usual 

10  days 

11  days 

A 

9,888,000 

9,992,000 

9,136,000 

9,744,000 

10,000,000 

10,200.000 

B 

8,736,000 

8,528,000 

8,960,000 

8,656,000 

8,656,000 

8,576.000 

C 

10,184,000 

0,496,000 

9,112,000 

9,776,000 

9,818,000 

9,()00,000 

Mean 

9,603,000 

9,305,000 

9,069,000 

9,392,000 

9,491,000 

9,459,000 

12  days 

13  days 

14  days* 

15  days 

16  days 

17  days 

A 

9,640,000 

— 

— 

— 

— 

— 

B 

8,232,000 

8,878,000 

8,608,000 

8,464,000 

6,208,000 

2,.344,000 

C 

9,221,000 

8,976,000 

9,024,000 

9,136,000 

6.336,000 

2,952,000 

Mean 

9,031,000 

8,927,000 

8,811,000 

8,800,000 

6,272,000 

2,648,000 

A 
B 

18  days 

19  days 

20  days 

21  days 

22  days 

23  days 

2,456,000 

2,432,000 

2,720,000 

2,624,000 

— 

— 

C 

— 

2,040.000 

1,924,000 

1,984,000 

2,240,000 

2,368,0CK) 

Mean 

2,456,000 

2,236,000 

2,322,000 

2,304,000 

— 

— 

24  days 

25  days 

26  days 

27  days 

C 

2,456,000 

2,420,6oO 

2,272,000 

2,448,000 

♦  1  drop  only  of  concentrated  meat  extract  added  on  and  after  this  day. 
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By  subcultures  made  at  short  intervals  on  certain  days  it  was  shown  that 
after  each  addition  of  food  material  the  numbers  increase  for  a  few  hours 
and  then  decrease.  Consequently  estimations  made  every  twenty-four  hours 
indicate  the  general  efi'ect  of  the  additions. 


Days      I  3  2 
Drops  added 

Numbers 
IU.000.000 


5.000,000 


-I — 1- 


10 

-I 1 r 


15 


20 ^ 

-T 1 r 


i?5 

-| r- 


22  2  222222222  2  1111111111111 


Chart  7.  Showing  the  effects  of  regular  small  additions  of  food  substance  to  meat  extract  cultures. 

It  is  evident  from  this  experiment  that  by  suitable  small  regular  additions 
of  food  material  a  concentration  of  Staphylococci  within  certain  desired 
limits  could  be  maintained  in  such  a  fluid  culture  medium  for  a  long  period 
of  time.  Accumulation  of  the  products  may  gradually  inhibit  growth,  but 
on  this  point  the  experiment  gives  little  evidence. 

Section  VIII.    The  effect  of  diluting  cultures  tvith  distilled  ivater  at  various 

'periods  of  groivtJi. 

In  one  series  of  experiments  three  tubes  A,  B,  C  each  containing  meat 
extract  1  c.c,  iV/10  soda  0-08  c.c.  and  distilled  water  3-92  c.c.  were  inoculated 
with  a  drop  of  an  emulsion  of  a  Staphylococcus  culture  and  incubated  at  37°  C. 
At  the  commencement  of  the  experiment  about  4400  cocci  were  present  per 
standard  loopful.  After  24  hours'  incubation  the  numbers  in  each  tube  were 
counted.  Then  1  c.c.  of  distilled  water  was  added  to  tube  B,  and  2-5  c.c.  to 
tube  C  and  the  numbers  present  in  each  estimated  immediately.  Tube  A 
was  used  as  a  control.  The  cultures  were  incubated  at  37°  C.  for  11  days 
and  counts  made  daily. 

A  second  similar  series  of  tubes  D,  E,  F  made  from  another  sample  of 
meat  extract  were  incubated  for  four  days.  On  that  date  after  the  numbers 
present  in  each  tube  had  been  counted  1  c.c.  of  sterile  distilled  water  was 
added  to  tube  E  and  2-5  c.c.  to  tube  F,  and  the  numbers  present  in  each 
estimated  immediately.  These  cultures  were  incubated  subsequently  for  seven 
days  and  counts  made  daily. 


Number  present 

1  day 

Tube 

originally 

before  dilution 

After  dilution 

2  days 

3  days 

A 

4,400 

5,440,000 

—  ■ 

9,772,000 

11,344,000 

B 

— 

5,195,000 

4,944,000 

8,176,000 

9,664,000 

G 

— 

5,456,000 

3,376,000 

6,880,000 

8,256,000 

D 

— 

5,840,000 

— 

9,600,000 

10,960,000 

E 

— 

5,600,000 

— 

9,088,000 

10,552,000 

F 

— 

5,744,000 

— 

9,854,000 

10,528,000 
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2,«)44,()()0 

1,(><)(),()00 

844,000 

012,000 

608,000 


r.,r)04,ooo 

4, 7s  1.000 

9  (layn 

2,488,000 

2,250,000 

1,280,(K)0 

520,000 

432,000 

190,000 


Days 

Numbers 

10,000,000 


5.000,000- 


5  (layH 
<5,08(5,O(K) 
5,000,000 
4,05(;,OO0 
:J.2H8,000 
2,:J84,000 
2.170.000 

10  (layH 
1 ,048,000 
788,000 
588,000 
25(),000 
170,000 


(5  (IjiyH 
5,744,000 
4,720,000 

:j,2I(;,ooo 

2,772,000 
2,144.000 
1,772,000 

1  I  (lay.s 

5()0,000 

204,000 

272,000 

()(),500 

47,000 


7  days 
4,490,000 
:i,488,000 
2,720,000 
2,048,000 
1,584,000 
l.04H,000 


Ohart  8.   Showing  the  effects  of  diluting  cultures  at  different  times  during  incubation. 

Tlioufjli  some  of  these  cultures  have  been  diluted  no  food  material  has 
been  removed,  and  each  culture  contains  the  same  amount  of  food  at  different 
dilutions.  If  growth  goes  on  as  usual  each  tube  should  contain  at  any  given 
time  the  same  number  of  organisms,  though  in  each  standard  loopful  the 
number  should  be  proportional  to  the  dilution.  This  seems  to  be  the  case 
and  it  may  be  concluded  that  moderate  dilution  with  distilled  water  at  any 
stage  of  incubation  has  httle  effect  on  multipHcation. 


Section  IX.    The  influence  of  different  incubation  temperatures  on  the 

growth  of  S.  aureus. 

In  the  first  of  the  experiments  quoted  three  tubes,  A,  B,  C,  each  containing 
meat  extract  1  c.c,  N/IO  soda  0-08  c.c.  and  distilled  water  3-92  c.c.  were 
sterilised  by  boiling,  and  inoculated  with  a  drop  of  an  emulsion  of  a  Staphj/h- 
coccus  culture,  which  had  been  transplanted  frequently.  Tube  A  was  cultivated 


154  Bacteria  in  Fluiil  CnltHres 

at  37°  C,  tub^  B  at  27°  C.  and  tube  C  at  17-0°  C.    Daily  counts  were  made 
for  the  first  18  days,  but  subsequently  only  tube  C  was  counted  daily. 


N 
rube 

A  at  37"^  C. 
B  at  2r  C. 
C  at  17°  C. 

umber  originally 
present 

632 

1  day 
5,968,000 
5,528,000 
2,064 

2  days 
8,744,000 
10,918,000 
73,850 

3  days 

10,448,000 

12,568,000 

3,120,000 

4  days 

9,968,000 

14,288,000 

8,128,000 

A 
B 

C 

5  days 
8,688,000 
15,918,000 
12,400,000 

6  days 
7,002,000 
15,664,000 
14,512,000 

7  days 
2,496,000 
13,568,000 
17,072,000 

8  days 
852,000 
11,488,000 
18,272,000 

9  days 
29(),000 
7,248,000 
17,592,000 

10  days 
152,000 
3,584,000 
16,304,000 

A 

B 

P 

11  days 
212,000 
1,896,000 
16,176,000 

12  days 
204,000 
1,286,000 
16,200,000 

13  days 
87,500 
906,000 
16,128,000 

14  days 
61,000 
432,000 
15,988,000 

15  days 
44,500 
516,000 
15,760,000 

16  days 
37,500 
480,000 
15,256,000 

A 
B 

C 

17  days 
17,000 
444,000 
14,096,000 

18  days 
14,460 
360,000 
13,664,000 

19  days 
12,000,000 

20  days 
11,488,000 

21  days 
10,592,000 

22  days 
11,424 

10,134,000 

A 
B 

C 

23  days 
9,664,000 

24  days 
9,324,000 

25  days 
8,192,000 

26  days 
8,064,000 

27  days 
6,016 
39,040 
6,304,000 

28  days 
6,544,000 

C 

29  days 
5,816,000 

30  days 
5,912,000 

31  days 
5,535,000 

32  days 
4,464,000 

33  days 
3,456,000 

34  days 
2,656,000 

c 

35  days 
2,056,000 

36  days 
1,704,000 

37  days 
1,452,000 

38  days 
1,160,000 

39  days 
1,090,000 

40  days 
976,000 

c 

41  days 
976,000 

42  days 
914,000 

43  days 
844,000 

44  days 
662,000 

45  days 
295,000* 

46  days 
262,000 

*  Culture  made  up  to  5  c.c.  with  distilled  water. 

It  will  be  seen  that  the  highest  maximum  was  attained  and  the  numbers 
remained  greatest  for  the  longest  period  in  the  culture  grown  at  17°  C,  and 
the  least  maximum  was  attained  and  the  numbers  fell  most  quickly  in  the 
culture  grown  at  37°  C.  As  this  was  contrary  to  expectations  a  similar 
experiment  was  carried  out  six  months  later. 

In  this  case  six  cultures  were  prepared.  Two  of  them  were  incubated  at 
33°  C,  two  at  27°  C.  and  two  at  8  to  10°  C.  The  culture  used  for  inoculation 
had  not  been  so  frequently  transplanted  as  the  one  used  in  the  experiment 
just  quoted.  For  the  cultures  grown  at  33°  C.  and  27°  C.  the  figures  given  in 
the  table  represent  the  mean  for  the  two  tubes  used  at  each  temperature,  but 
the  results  of  each  of  the  tubes  incubated  at  8  to  10°  C.  are  quoted  separately, 
since  the  results  in  the  two  tubes  were  somewhat  different.  After  the  26th 
day  the  results  in  one  only  of  the  tubes  incubated  at  33°  C.  are  quoted  to 
illustrate  the  fluctuations  which  sometimes  occur  at  this  period  (see  p.  141). 


(a.  S.  (iiRAIIAM-SMITII 


155 


a 
a 


CO 


-     a 


ci 
Xi 

13 
O 


.3 
o 


Oi 


tc 

•1; 

o 

o 

c 

>. 

^ 

o 

o. 

o 

p 

o 

o 

o 

c 

o 

o 

o 

3 

o 

o 

o 

;z; 

•o 

o 

»o 

ir)(] 


Bacteria  in  Fluid  Caltnres 


Number  originally 

present 

1  day 

2  days 

3  days 

4  days 

5  days 

Culture  at  33'^  C.     2024 

7,300,000 

9,632,000 

10,288,000 

10,010,000 

6,410,000 

•>7^  r«        

0,528,000 

13,104,000 

17,647,000 

18,071,000 

18,184,000 

„     (1)8-10''C'. — 

2,300 

1,904 

1,728 

1,592 

1,448 

»     (2)      „         - 

2,304 

2,104 

— 

2,016 

1,984 

0  days 

7  days 

8  days 

9  days 

10  days 

Culture  at  33°  C.     2024 

4,880,000 

3,704,000 

2,280,000 

1 ,530,000 

914,000 

„         27°  C.       - 

15,908,000 

15,488,000 

10,072,000 

12,712,000 

6,080,000 

„     (1)8-10°C. — 

1,240 

1,152 

936 

802 

530 

M     (2)      „         — 

1,712 

1,648 

1,392 

1,330 

1,236 

11  days 

12  days 

13  days 

14  days 

15  days 

Culture  at  33°  C.     2024 

870,000 

093,000 

558,000 

490,000 

154,000 

27°  C.       — 

5,940,000 

3,525,000 

2,305,000 

2,412,000 

2,012,000 

„     (1)8-10°C. — 

398 

297 

312 

253 

262 

»     (2)      „          - 

1,002 

997 

940 

939 

— 

17  days 

19  days 

21  days 

23  days 

26  days 

Culture  at  33°  C.     2024 

05,500 

9,744 

4,192 

0,744 

24,448* 

„        27°  C.       — 

1,312,000 

834,000 

932,000 

012,000 

— 

„    (l)8-10°C. - 

104 

155 

120 

54 

64 

„     (2)      „         - 

762 

728 

440 

379 

290 1 

28  days 

31  days 

35  days 

39  days 

41  days 

Culture  at  33°  C.     2024 

10,010 

4,032 

15,424 

19,328 

74,500 

„         27°  C.       - 

270,000 

300,000 

200,000 

270,000 

165,000 

,,    (1)8-10°C.— 

14 

20 

21 

19 

— 

»    (2)      „        - 

281 

136 

47 

47 

26 

44  days 

47  days 

52  days 

05  days 

Culture  at  33°  C.    2024 

65,000 

53,500 

10,500 

— 

27°  C.       — 

— 

— 

— 

62,800 

„    (1)8-10°  C  — 

— 

— 

— 

14 

„  m   „     - 

7 

— 

— 

— 

*  One  culture  only  quoted  on  and  after  this 
•f  Culture  contaminated  by  a  mould. 
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Chart  10.   Showing  the  results  of  incubating  meat  extract  cultures  at  33°  C.  and  27°  C. 
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Tho  results  obtaiiKMl  willi  cultures  ^M'own  at  :\T  C.  and  at  27°  C.  coufirin 
the  results  of  the  first  (^x|)t3riuK)nt. 

If  wo  rej^Mrd  the  rat-eof  inulti])licati()ii  within  the  first  f(;w  days  as  indicating 
tlio  s])ecially  favourable  conditions  for  ^'rowth  tJMMi  a  t(;in])erature  between 
'M'^'C.  and  27"  C.  may  be  rei^arded  as  the  most  suitable  for  the  growth  of 
theN.  (ffUTHs.  On  the  other  liJind  if  werej^ard  the  niaxiniuni  nnnd)ers  attained 
at  ;inv  ])eii()d  of  incubation  as  indic;i.t int^'  th<i  inost,  f;i,voiirabl(;  conditions 
then  a  temperature  about  17' C.  may  be  regarded  as  the  most  suitable  for 


the  growth  of  the  coccus. 


Days 

Numbers 


2000 


1500 


1000 


500 


10  15    17    19    21    23 

—I — I — I — t — 1 — I 1 1 1 1 — 


26   28       31 


31 


39 


\Culture  2 


Culture  1 


I      '      I      I      I      I      I I L_J I — I — L 


Chart  11.   Showing  the  daily  counts  in  two  cultures  incubated  at  8  to  10°  C. 

At  8  to  10°  C.  very  slight  multiplication,  if  any,  occurs  during  the  first 
24  hours'  incubation  and  subsequently  the  numbers  steadily  decline  for  at 
least  60  days.  The  experiment  was  not  continued  long  enough  to  decide 
whether  at  this  temperature  the  organisms  ultimately  die  out. 

This  unexpected  result  led  to  the  carrying  out  of  a  series  of  experiments 
at  lower  temperatures.  Two  tubes  of  the  same  medium  inoculated  with 
S.  aureus  were  incubated  at  about  -  1°  C,  two  at  about  -  6°  C,  and  two  at 
—  10°  to  —  12°  C,  and  the  numbers  counted  daily.  The  mean  for  the  two 
tubes  kept  at  each  temperature  is  recorded  in  the  tables.  Occasionally  some 
of  the  tubes  were  frozen.  These  were  thawed  very  slowly  before  samples  were 
taken  for  counting. 

Number  originally 

present          1  day  2  days  3  days  4  days  .5  days  G  days 

At  -rC.            52G4             3870  3120  2612  2228  19.36  l.'>r)2 

„    -G°C.            4480             1592  1044  944  800  620  .3r>4 

„    -11°C.          4.528             1468  925  484  311  196  75 

7          8         9        10  11       12  U        14  ir,       1(5  17        18  10       20 

days    days  days  days  days  days  days  days  days  days  days  days  days  days 

At-l°C.   1000     660     .3.32     181  104       .35  14       5  4         1  1          1  0         0 

-6T.     110       26       14         6  1-5        -5  0       <»  <>         <>  <>         <►  <•         <» 

"-11°C.       9         2         0         0  0         0  00  0         0  0         0  U         0 
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From  the  21st  to  the  28th  days  all  the  tubes  were  incubated  at  37°  C. 
but  no  signs  of  growth  occurred  and  no  organisms  were  found  on  subculture. 
It  may  therefore  l)e  assumed  that  the  cultures  had  completely  died  out. 


Days 

Numbers 
5000 


4000 


5  10 15 

-I — I — I — r~i — 1 — I — I — I — r~i    I    I    r 


3000 


2000 


1000 


Chart  12.   Showing  the  results  of  keeping  meat  extract  cultures  at  low 
temperatures,   -  1°  C,  -  6°  C.  and  -  10°  C. 

It  will  be  seen  that  in  each  culture  the  numbers  rapidly  declined  and 
eventually  died  out.  At  —  10°  C.  the  cocci  were  dead  on  the  9th  day,  at 
-  6°  C.  on  the  13th  day  and  at  -  1°  C.  on  the  19th  day. 

It  seems  possible  that  at  some  temperature  between  10°  C.  and  17°  C. 
the  numbers  might  remain  approximately  constant. 


Section  X.  The  influence  of  the  growth  of  one  species  on  the  growth  of  others 
subsequently  inoculated  into  the  medium. 

Some  of  the  experiments  described  in  previous  sections  appear  to  indicate 
that  the  fall  in  numbers  is  due  mainly  to  the  exhaustion  of  the  food  supply. 
The  following  experiments  were  undertaken  in  the  hope  of  throwing  some 
further  light  on  this  subject.  21  tubes  each  containing  meat  extract  1  c.c, 
iV/10  soda  0-08  c.c.  and  water  3-92  c.c.  were  prepared  in  the  usual  manner. 
Seven  of  the  tubes  were  inoculated  with  an  emulsion  of  S.  aureus,  seven 
with  an  emulsion  of  B.  coli,  and  seven  with  an  emulsion  of  B.  pyocyaneus. 
All  these  cultures  were  incubated  at  37°  C.  for  sixteen  days,  and  during  that 
time  from  one  culture  of  each  organism,  acting  as  a  control,  counts  were  made 
daily  in  order  to  ascertain  the  course  of  events  in  each  series.  At  the  end  of 
that  time  a  slight  daily  fall  in  numbers  was  occurring  in  each  culture,  and  it 
was  presumed  that  the  greater  part  of  the  food  supply  had  been  exhausted. 
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On  tho  ](\\\i  (lay  the  six  cullurrs  (jf  cjicli  or^'jiniHin  were  divided  into  two 
<,M'ou])s,  A  and  B,  three  cultures  in  each  j^nou]).  'Hiose  of  ^rroup  A  were 
not  sterilised,  but  those  of  <,n-()U])  Ji  \\vn)  steriliscid  hy  hoi^n^^  Then  a  droj)  of 
an  enndsion  of  S.  aurrus  was  a(hh'(l  to  cultures  A^  and  7^,,  n  drop  of  an  emul- 
sion of  B.  coli  to  cultures  A.,  and  B,^,  and  a  dro])  of  an  emulsion  of  B.  yyocyaneuH 
to  cultures  Ar^  and  B.^  of  each  series,  jiiid  tlie  nundjer  of  or^^anisms  jiresent 
in  each  culhire  immediately  estimated.  Daily  counts  were  made  for  the  next 
seven  days  to  ascerlain  to  wliat  extent  iiiiill  iplicat  ion  of  I  Ik-  ndded  oij/anisms 
took  ])Iace. 


Staphylococci 

B.  coli  ... 

B.  pyocyanvns 


Staphylococci 

B.  coli  ... 

B.  pyocyaneus 


Staphylococci 

B.  coli  ... 

B.  pyocyaneus 


Staphylococci 

B.  coli  ... 

B.  pyocyaneus 


Number  oripflnaliy 
present 

5920 
3408 
3232 


1  day 

(),928,000 

3,217,000 

13,508,000 

5  clays 
7,104,000 
5,216,000 
11,808,000 

9  days 
1,096,000 
1,968,000 
6,416,000 

13  days 
42,000 
944,000 
6,272,000 


Days 
Numbers 


5 


10 


2  days 
8,112,000 
(),  25(5,000 
24,784,000 

6  days 
4,096,000 
3,504,000 
10,528,000 

10  days 

114,500 
1,312,000 
6,288,000 

14  days 
24,500 
688,000 
5,040,000 

15 


3  days 
10,240,000 
11,712,000 
18,252,000 

7  days 
2,192,000 
2,232,000 
9,536,000 

1 1  days 

70,000 
1,247,000 
6,016,000 

15  days 
25,000 
512,000 


20 


4  days 
9,056,000 
9,440,000 
18,206,000 

8  days 
1,592,000 
2,032,000 
7,664,000 

12  days 
56,000 
896,000 
6,592,000 

16  days 
21,000 
316,000 
4,896,000 


B. /j^ocyanetis  added  to  unsterilised  cultur^'i   /     'X 


10,000,000 


5,000,000 


~i — I — I — I — 1 — I — I — I — I — I — 1 — 1 — I — I — I — I — i — I     r 

B.  co^i  added  to  unsterilised  culture  | 

- „  ,.  boiled     - 


A 


;  ..A. 
h' 


u 


¥ 


Chart  13.  Showing  the  rate  of  multiplication  of  added  organisms  in  meat  extract  in  which 
S.  aureus  had  been  growing  for  17  days. 


In  the  sterilised  groups  (B)  multiplication  of  the  added  bacteria  took 
place  in  every  case,  whether  the  added  ()r<ranisms  belon«;ed  to  the  species 
previously  growing  in  the  medium  or  not.   After  a  culture  had  been  sterilised 
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by  boiling  some  food  was  therefore  available  for  freshly  added  organisms, 
even  though  they  belonged  to  the  same  species  and  strain. 

In  the  unsterilised  groups  (A)  multiplication  of  the  added  bacteria  took 
place  in  all  cases  with  two  exceptions,  when  B.  coli  and  B.  pyocyaneus  were 
added  respectively  to  cultures  in  which  the  same  species  had  been  growing. 

It  is  difficult  to  compare  with  any  degree  of  accuracy  the  extent  of  multi- 
plication in  comparable  examples  of  the  two  groups,  A  and  B,  since  in  the 
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Chart  14.  Showing  the  rate  of  multiplication  of  added  organisms  in  tubes  in  which  B.  coli 

had  been  growing  for  17  days. 
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20.000.000- 


5,000,000r 
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Chart  15.  Showing  the  rate  of  multiplication  of  added  organisms  in  tubes  in  which  B.  pyocyaneus 

had  been  growing  for  17  days. 
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\iV2  Bacterid  in  Fluid  Cultures 

uiisteiilised  series,  A,  a  j^iadual  decline  in  the  numbers  of  the  organisms 
orii^nnally  present  was  doubtless  proceeding,  and  the  counting  of  controls, 
which  would  have  shown  the  extent  of  the  decline  during  this  period  of  the 
experiment,  was  not  continued  after  the  IGth  day.  A  rough  comparison  was 
obtained  in  the  following  manner.  In  each  example  of  the  sterihsed  group 
of  cultures,  B,  the  highest  figure  recorded  was  divided  by  the  number  intro- 
duced, while  in  comparable  examples  of  the  unsterilised  group.  A,  the  number 
at  the  time  the  fresh  organisms  were  added  (group  B,  column  1,  17th  day, 
subtracted  from  comparable  culture,  group  A,  column  1)  was  subtracted 
from  the  highest  figure  recorded  and  the  result  divided  by  the  number  intro- 
duced. The  figures  so  obtained  indicate  very  roughly  the  extent  to  which 
multiplication  took  place  in  each  case. 

Multiplication  of  added 


Cultures  originally 
inoculated  with 

S.  aureus 

B. 

coli 

B.  pyocyaneus 

S.  aureus 

(unsterilised,  Aj) 

x35 

(A,) 

xl617 

(^3)    x2381 

(sterilised.  By) 

x37 

(B,) 

x  1035 

(£3)     x2424 

B.  coli 

(unsterilised,  A^) 

xlOO 

(A,) 

x8? 

(.43)    xl916 

(sterilised,  i>\) 

x97 

(^2) 

xlI2 

(^3)     X  1915 

B.  pyocyaneus 

(unsterilised,  A^) 

x480 

(^4^) 

x461 

(^3)    xO 

(sterilised,  ^5^) 

x951 

(B,) 

xl551 

(£3)     xl26 

These  figures  seem  to  indicate  that  the  Staphylococci  added  to  tubes  of 
media,  whether  sterilised  or  unsterihsed,  in  which  the  same  organism  had  been 
growing  multiplied  to  a  small  and  nearly  equal  extent ;  when  added  to  sterihsed 
or  unsterilised  tubes  in  which  B.  coli  had  been  growing  multiplication  in  both 
cases  was  about  three  times  as  great,  and  when  added  to  tubes  in  which 
B.  'pyocyaneus  had  been  growing  multiplication  was  greater,  14  times  as 
great  in  the  unsterilised  and  27  times  in  the  sterilised. 

B.  coli  added  to  tubes,  sterilised  or  unsterilised,  in  which  S.  aureus  had 
been  growing  multiplied  to  a  considerable  and  equal  extent,  and  it  multiplied 
to  nearly  the  same  extent  in  the  sterilised  tube  in  which  B.  pyocyaneus  had 
been  growing,  but  to  only  one-quarter  of  the  extent  in  the  unsterihsed  tube. 
When  it  was  added  to  the  unsterilised  tube  in  which  B.  coli  had  been  growing 
there  was  little  or  no  multiplication,  but  when  added  to  the  sterilised  tube 
moderate  multiplication  occurred. 

B.  pyocyaneus  multiplied  to  a  great  and  equal  extent  in  sterihsed  or 
unsterilised  tubes  in  which  S.  ameus  had  been  growing  and  to  a  less,  but 
equal  extent,  in  sterilised  or  unsterihsed  tubes  in  which  B.  coli  had  been 
growing.  In  the  unsterilised  tube  in  which  B.  pyocyaneus  had  been  growing 
there  was  no  multiplication,  but  there  was  moderate  multiplication  in  the 
sterilised  tube. 

It  will  be  noticed  that  when  S.  aureus  or  B.  coli  had  been  growing  in  the 
medium  boihng  in  either  case  did  not  increase  the  food  value  of  the  medium 
for  the  other  two  species.  The  food  value  for  added  S.  aureus  was  not  increased 
by  boihng  a  culture  in  which  S.  aureus  had  been  growing,  though  in  the  case 
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of  Ji.  coli  t  lie  food  \alii('  (»f  t  lie  nicdimn  for  added  li.  coli  s(H;in(',d  to  be  increased 
by  boibii^^  t  he  inediiiiii  in  w  liicli  that  or^aniHiii  had  been  ^rowin^.  On  tlie  other 
liand  after  the  ^'ro\vth  of  li.  pi/on/ancns  boihn^  caused  added  organisms  to 
^M()\v  inoic  fi-eelv  than  they  did  on  llie  unsterihsed  inedinin. 

'I'he  f^rowth  of  an\'  of  these  organisms  in  tlie  nicdinin  seems  to  remove  a 
])ortion  of  the  food  snbstanr(^  used  by  other  sjx'cies  since  in  no  case  was  the 
j^rowth  of  an  added  s])ecies  nearly  so  considerable  in  extent  as  in  its  primary 
culture,  if  it  is  assumed  that  the  increase  in  numbers  is  ])roportional  to  the 
food  su])])ly  the  fjrowtJi  of  S/(ij)hf/l()C()ccu.s  removes  about  lialf  tlie  food  originally 
available  for  B.  coli  and  for  B.  pj/ocyanens ;  the  growth  of  B.  coli  removes 
most  of  the  food  available  for  Staphylococci,  and  about  half  of  that  available 
for  B.  pyocyaneus. 

Cocci  added  to  unsterilised  coccus  cultures  appear  to  make  use  of  some 
material,  which  those  already  present  do  not  seem  to  have  utilised.  This  does 
not  appear  to  be  the  case  when  B.  coli  or  B.  pyocyaneus  are  added  to  tlieir 
own  cultures. 

The  results  obtained  in  the  experiments  just  cjuoted  were  controlled  by 
another  series  of  experiments. 

Sixty  tubes  each  containing  meat  extract  1  c.c,  iV/10  soda  0-08  c.c.  and 
distilled  w^ater  3-92  c.c.  were  prepared.  Twenty  were  inoculated  with  S.  aureus, 
twenty  with  B.  coli,  and  twenty  with  B.  pyocyaneus  and  incubated  at  35^  C. 
Of  each  series  two  were  incubated  for  one  day,  two  for  two  days,  two  for  three 
days,  two  for  five  days  and  two  for  seven  days.  One  of  each  of  the  pairs 
just  mentioned  was  boiled,  the  other  not  sterilised,  and  to  each  4  c.c.  of 
2  per  cent,  agar  in  distilled  water  at  50°  C.  w^ere  added,  and  plates  poured. 
After  the  medium  had  set  three  streaks  of  heavy  emulsions  of  *S'.  aureus, 
B.  coli  and  B.  pyocyaneus  were  made  across  each  plate,  and  the  results  recorded 
after  48  hours'  incubation  at  37°  C. 


Cultures  in  which  S.  aureus  was  growing. 


Period  of 
growth 

Unsterilised  i 

series 

Boiled  series 

A 

f 
Streaks  of 

cocci       B.  coli 

B. 

^ 
pyocyaneus 

f 
Cocci 

B.  coli 

B. 

pyocyaneus 

7  days 

0 

+  + 

+  + 

0 

+  + 

+  + 

5      „ 

0 

+  + 

+  + 

*? 

+  + 

+  + 

3      ,> 

0 

+  + 

+  + 

+ 

+  + 

+  + 

2      „ 

0 

+  + 

+  + 

+ 

+  + 

+  + 

1  day 

#? 

+  + 

+  + 

+ 

+  + 

+  + 

Cultures  in 

which  B.  coli 

Avas  growing. 

Period  of 
growth 

Unsterilised  series 

Boiled  scries 

A 

Streaks  of 

cocci       B.  coli 

B. 

pyocyaneus 

r 

Cocci 

B,  coli 

B. 

pyocyaneus 

7  days 

0 

0 

+  + 

# 

+  + 

+  + 

5      „ 

0 

0 

+  + 

+ 

+  + 

+  + 

3      „ 

#? 

0 

+  + 

+ 

+  + 

+  + 

2      ,. 

#? 

0 

+  + 

+ 

+  + 

+  + 

1  day 

#T 

0 

+  + 

+ 

+  + 

+  + 
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Cultures  in  which  B.  pt/ocyaneiis  was  ^rowiuj^. 

Unaterilised  series  Boiled  series 


Period  of 
grow  til 

Streaks  of 

cocci 

B.  coli 

B.  pyocyaneus 

r 

Cocci 

B.  colt 

B. 

pyocyaneus 

7  days 

0 

+  + 

0 

0 

+  + 

+  + 

5      ,. 

#? 

+  + 

0 

0 

+  + 

+  + 

3      ,. 

+ 

+  + 

#? 

+ 

+  + 

+  + 

2      .. 

+ 

+  + 

#? 

+  + 

+  + 

+  + 

1  day 

+ 

+  + 

# 

+  + 

+  + 

+  + 

=  no  visible  colonies. 

#?  = 

•doubtful  growth.     #  = 

:very 

slight  growth. 

+  = 

moderate  growth. 

+  + 

= abundant 

growth. 

It  will  be  seen  that  B.  coli  and  B.  pyocycmeus  grew  well  on  the  medium 
in  which  S.  anreus  had  been  growing,  and  that  on  the  same  medium  after 
boiling  a  few  colonies  of  the  cocci  grew. 

S.  aureus  grew  poorly  and  B.  ^pyocyaneus  grew  well  on  the  medium  in  which 
B.  coli  had  been  growing,  but  w^hile  B.  coli  itself  grew  well  on  this  medium  after 
boiling  there  was  little  or  no  growth  on  the  example  which  had  not  been  boiled. 

S.  aureus  grew  moderately  and  B.  coli  grew  well  on  the  medium  in  which 
B.  pyocyaneus  had  been  growing,  and  B.  pyocyaneus  itself  grew  well  on  it  after 
it  had  been  boiled. 

Taking  into  consideration  the  fact  that  agar  seems  to  inhibit  growth  to 
a  slight  extent  and  that  very  small  surface  colonies  are  difficult  to  see,  the 
results  of  this  series  of  experiments  are  in  general  agreement  with  the  results 
of  the  more  exact  series  just  quoted. 

Section  XI.  The  influence  of  varying  the  reactioyi  of  the  medium. 

The  experiments  hitherto  described  were  carried  out  in  meat  extract 
neutralised  to  Neutral  Red.  The  experiments  quoted  in  this  section,  which 
Avere  amongst  the  first  to  be  undertaken,  were  made  in  order  to  ascertain  the 
effects  of  varying  the  reaction  of  the  medium  by  the  addition  of  iV/10  hydro- 
chloric acid  or  iV/10  soda  on  the  growth  of  Slaphylococci  and  B.  coli  at  37°  C. 
It  will  be  noticed  that  the  proportion  of  meat  extract  differs  in  these  experi- 
ments from  that  used  in  most  of  the  previous  experiments.  The  addition  of 
certain  quantities  of  both  acid  and  soda  caused  a  precipitate  to  form.  The 
medium  was  approximately  neutral  to  neutral  red  when  0-1  iV/10  soda  was 
added. 


Meat  extract 

(1  part  meat  to 

Distilled 

Cube 

4  parts  water) 

iV/10 

HCl 

water 

Precipitate 

1 

2-5  c.c. 

•5( 

;.c. 

1-3  c.c. 

Slight 

.2 

2-5 

•4 

1-4 

Present 

3 

2-5 

•3 

1-5 

>» 

4 

2-5 

•2 

1-6 

Slight 

5 

2-5 

•1 

1-7 

None 

6 

2-5 

N/IO 

soda 

1-8 

it 

7 

2-5 

•2 

1-6 

>> 

8 

2-5 

•4 

1-4 

»> 

9 

2-5 

•6 

1-2 

Slight 

10 

2-5 

•8 

10 

Present 

11 

2-5 

10 

•8 

12 

2-5 

1-2 

•6 

13 

2-5 

1-6 

•2 

14 

2-5 

1-8 

— 

15 

2-5 

2-0 

^ 

— 

(I.  S.   (iiKAllA.M-S.MITII  K).") 

After  iiKK'ulaf  ion  flic  ciilliiics  cotilaiiKMl  .'iT'I  >S'.  fnn'ct/s  iiu(]  08  /?.  roJi  por 
'"'M*'^"'-  i:.  lioiH-M  48  hours  72  hours 


Tillx"  Cocci  />'    coll  Cocci  /{.  roll                    Coc(ri  D.  coli 

1  29  1  22<)  0                         «  0 

2  62  0  —  0                        1  0 

3  'M)\  0  IK).  1 70  0                —  r, 

4  41)1, LM)0  i).4r)0  (J,()H(),()(M)  71, (KM)  (»,H24,0()()  440,000 
6  4.()1(?,0()()  ;i.2()4.O0()  I0,r)(>( ),()()()  (),(WH,000  12,040,000  I2,24S,000 

6  7.()SS,00()  r., 440.000  14,:J2H,000  i:{,072,000  15,424,000  14,804,000 

7  7,824.000  7.2:i2.000  17,704,000  I2,8;}2,000  n),8 1(1,000  12,1()8,000 

8  (;,«)28.0()()  4,272,000  15,990,000  8,304,000  12,288,000  r),()00,000 

9  2,952,000  3,728  14,496,000  5,592,000  9,17(),000  4,9(i8,(K)0 

10  58,000  0  10,592,000  0  7,192,000  0 

11  1,144  0  9,504,000  0  (5,224,000  0 

12  130  0  9,408,000  0  7,104,000  0 

13  0  0  24  0  5,424,000  0 

14  0  0  7  0  1,408,000  0 

15  0  0  10                       0  0 

94  hours  120  hours                                 168  hours 


Tube  Cocci  B.  coli  Cocci  /?.  coli  C'occi  B.  coli 

1  0  0  0  0  0  0 

2  0  0  0  0  0  0 

3  296,000  0  4,356,000  0  8,840,000  0 

4  8,144,000  316,000  6,504,000  336,000  5,424,000  236,000 

5  11,440,000  11,272,000  6,736,000  8,240,000  5,525,000  3,232,000 

6  14,736,000  11,424,000  10,860,000  4,704,000  7,752,000  2,712,000 

7  11,520,000  8,536,000  8,080,000  4,888,000  4,752,000  2,416,000 

8  —  6,072,000  3,424,000  4,024,000  2,944,0(J0  1,688,000 

9  6,136,000  4,864,000  4,592,000  4,336,000  1,328,000  2,576,000 

10  5,824,000  0  5,224,000  0  2,488,000  0 

11  6,240,000  0  4,928,000  0  2,896,000  0 

12  5,808,000  0  4,448,000  0  2,424,000  0 

13  7,168,000  0  5,344,000  0  2,464,000  0 

14  7,352,000  0  5,240,000  0  2,768,000  0 

15  0  0  0  0  0  0 

216  hours  16  days  36  days* 


.y^- 


Tube  Cocci  B.  coli  Cocci  B.  coli  Cocci  B.  coli 

1  0  0  0  0  0  0 

2  0  0  0  0  0  0 

3  10,360,000  0  864,000  0  392,000  0 

4  4,808,000  976,000  408,000  444,000  400,000  192.000 

5  1,616,000  2,224,000  496,000  100,000  257,000  ll(i,(MM) 

6  4,636,000  1,204,000  544,000  68,000  960,000  106.000 

7  2,760,000  2,004,000  404,000  27,500  7()0,000  12.0fM) 

8  1,223,000  1,480,000  228,000  76,000  —  106,000 

9  _  —  72,000  —  136,000  — 

10  —  0  52,000  0  98.000  0 

11  2,324,000  0  144,000  0  —  0 

12  1,896,000  0  72,000  0  20,250  0 

13  1,668,000  0  96,000  0  6.500  <• 

14  840,000  0  6,500  0  8.250  0 

15  0  0  0  0  0  0 
*  Cultures  much  reduced  by  evaporation. 

Journ.  of  Hyg.  xix  ^* 


Days  i>:fi_2444_?— ?- 

Nuiiiber* 
10,000,000 


5,000.000 

0 
9,000,000 

5,000,000 


10,000,000 

5,000,000 

0 
15,000,000 

10,000,000 

5,000,000 


15,000,000 


10,000,000 


5,000,000 


J I \ I 1 L L 


Chart  16.  Showing  the  course  of  events  in  cultures  of  8,  aureus  and  B.  coli  at  different  reactions. 
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It  will  be  seen  lli.il  with  a  siikiII  iiioculjif  ion  of  cocci  when  the  medium 
confjiins  '5  c.r.  or  -I  cc.  N/H)  hvdrocliloric  jicid  the,  orf^aiiisnis  decrease  in 
ninnl)rr  and  aic  dead  on  tlic  llli  day.  Willi  -.'ice.  iV/iO  liydrocidoric  acid 
added  to  llic  incdium  t  luMc:  is  at  (irst  n.  sli^dit  ({(M'rease  in  tlie  nunibers  and  then 
a  slow  rise  foi-  lOnr  days,  followed  by  a  f;r(;al  inciease,  the  numbers  reaching 
a.  maxininni  aI)oul  the  !m1i  day.  WitJi  O-'J  c.c.  N/\0  hydrocldoiic  acid  added 
theri^  is  only  a.  v(^ry  slight  increase  in  I")  lionis,  followed  by  a  ra])id  increase 
during  the  next  day.  The  maximurn  is  reached  on  the  Ith  daw  With  0-1  c.c. 
N/IO  hydrochloric  acid  added  the  curve  resembles  that  obtain(;d  with  un- 
neutraliscd  meat  extract,  the  maximum  being  r(;arhed  on  tln^  lthda\'.  The 
subsequent  fall  in  nund)ers  is  moderately  ra])id. 

The  eflect  of  adding  increasing  quantities  of  N/IO  h}di(K.liloric  acid  uj) 
to  0-3  c.c.  is  to  retard  the  growth  during  the  earlier  stages  of  incubation 
though  subsequently  rapid  growth  takes  place  and  a  hi<:h  maxinmm  is 
reached.  Considerable  numbers  of  the  cocci  survive  for  a  long  time.  With 
small  primary  inoculations  the  addition  of  more  than  ()•■*>  c.c.  A^/10  liydro- 
chloric  acid  results  in  the  death  of  the  cocci  in  a  few  days. 

When  0-2  c.c.  N/\0  soda  is  added  the  maximum  is  reached  on  the  third 
day  and  is  followed  by  a  rapid  fall  in  numbers.  With  additions  varying  between 
04  and  1-2  c.c.  of  iV/10  soda  there  is  a  progressive  decrease  in  the  height 
reached  by  maxima,  the  rate  of  growth  in  the  early  stages  is  progressively 
retarded,  and  the  rate  of  decrease  in  numbers  seems  to  be  retarded  also.  With 
1-6  c.c.  and  1-8  c.c.  N/IO  soda  added  the  rate  of  growth  in  the  early  stages  is 
markedly  retarded,  and  the  maxima  are  not  reached  till  the  fourth  day. 
With  2-0  c.c.  N/IO  soda  no  growth  occurs. 

In  this  series  of  experiments  B.  coli  seemed  to  be  more  sensitive  to  the 
reaction  of  the  medium,  especially  on  the  alkaline  side,  than  *S.  aureus,  but 
this  may  be  due  partly  to  the  very  small  number  inoculated.  In  the  case  of 
S.  aureus  certain  other  experiments  seem  to  indicate  that  the  larger  the 
primary  inoculation  the  wider  is  the  range  of  reaction  in  which  multiplication 
takes  place. 

In  the  case  of  B.  pj/oc?janeus  growth  does  not  occur  if  more  than  0*2  c.c. 
of  iV/10  hydrochloric  acid  or  more  than  1-6  c.c.  soda  are  added. 

Section  XII.  The  influence  of  the  addition  of  small  quantities  of 

N/lO  hydrochloric  acid. 

The  two  series  of  experiments  here  quoted  were  undertaken  to  ascertain 
more  precisely  than  in  previous  experiments  the  effects  of  additions  of  small 
quantities  of  N/IO  liydrochloric  acid.  Each  tube  contained  5  c.c.  of  undiluted 
meat  extract.  To  tube  1,  which  acted  as  a  control,  no  acid  was  added.  To 
tube  2  0-2  c.c.  iV/10  hydrochloric  acid  was  added  and  caused  the  medium 
to  become  opalescent ;  to  tube  3  0-3  c.c.  iV/10  hydrochloric  acid  was  added  and 
the  fluid  became  opalescent  and  a   precipitate  formed ;  to  tube  i  0-4  c.c. 
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N/IO  hydrochloric  acid  was  added  and  a  considerable  precipitate  formed; 
to  tube  5  0-7  c.c.  iV/10  hydrochloric  acid  was  added  and  a  still  greater  pre- 
cipitate formed.  In  both  series  of  experiments  a  drop  of  an  emulsion  of 
S.  aureus  was  added  to  each  tube,  but  while  in  the  first  series  the  medium 
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Chart  17.  Showing  the  influence  of  the  addition  of  various  quantities  of  NJIO  HCl  to  meat 
extract  cultures.    Series  I  =  continuous  line,  Series  II  =  broken  line. 
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after  inoculation  contained   lOH  ()r<,';imsnis  ])oi  loop,  in  tlio  second  series  it 
contained  onlv  \')  ])o\'  looj). 
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0-3 
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4,175,000 

4,624,000 

367,900 
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4 
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In  passing  down  the  series  it  will  be  seen  that  the  type  of  curve  gradually 
changes  from  a  "standard"  with  one  peak  to  a  curve  with  two  peaks,  separated 
by  an  interval  in  which  the  numbers  are  small.  The  second  series  containing 
the  smaller  initial  dose  seems  to  be  the  most  influenced. 

Section  XIII.  Tlie  effects  of  cultivating  organisms  for  prolonged  periods  on 

media  of  different  reactions. 

Three  series  of  tubes  containing  media  of  the  following  compositions  were 

prepared : 

Series  Meat  extract  Distilled  water 

I  2-5  c.c.  1-5  c.c.  0  3  c.c.  AVIO  HCl 

II  2-5  1-8  — 

ill  2-5  0  1-8C.C.  V/lOXaOH 

Series  I  and  III  correspond  to  tubes  .'5  and  11  of  Section  XI,  the  most 
acid  and  most  alkaline  of  that  series  in  which  siitisfactory  growth  took  place. 
A  tube  of  each  series  was  inoculated  with  an  enmlsion  of  the  S.  aureus^  and 
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incubated  at  37°  C.  and  subcultures  into  similar  tubes  were  made  weekly  for 
ten  weeks.  Then  subcultures  from  each  were  grown  for  24  hours  at  37°  C,  on 
solid  media  made  by  adding  agar  to  fluids  of  the  composition  mentioned. 
Consequently  the  cocci  in  Series  I  had  been  growing  on  an  acid  medium,  those 
of  Series  II  on  a  nearly  neutral  medium  and  those  of  Series  III  on  an  alkaline 
medium  for  ten  weeks.  They  are  referred  to  subsequently  as  acid,  neutral  and 
alkaline  acclimatised  cocci  respectively.  In  order  to  ascertain  the  effects  of  this 
acclimatisation  tubes  of  the  same  composition  as  Series  I,  II,  and  III  were 
inoculated  with  emulsions  of  the  cocci  from  each  of  the  agar  cultures.  The 
whole  series  of  ex])eriments  therefore  included  nine  cultures,  namely : 


Immediate  count 

of  numbers 

Acid  acclimatised  cocci  ino( 

nilated  into  acid  meat  extract. 

,  ^I                 82 

neutral  „         „ 

^11              — 

alkal 

line,,         „ 

^III            — 

Neutral 

>> 

„           acid 

j>         >» 

Bl                — 

neutral  ,,         ,, 

B  II             992 

alkaline,,         ,, 

i^III             — 

Alkaline 

>> 

„           acid 
neut 

ral  „ 

1     1 

1— 1  1— 1 

alkaline,,         „ 

C III            360 

Tube 

1  day 

2  days 

3  days 

4  days 

5  days 

6  days 

Al 

122,500 

2,928,000 

2,560,000 

2,640,000 

4,088,000 

6,544,000 

II 

5,280,000 

10,192,000 

10,256,000 

9,344,000 

9,760,000 

8,432,000 

III 

2,256,000 

2,248,000 

1,528,000 

680,000 

276,000 

220,000 

Bl 

4,830 

1,240,000 

1,760,000 

2,416,000 

2,376,000 

1,680,000 

II 

7,010,000 

12,080,000 

11,184,000 

11,088,000 

11,520,000 

11,966,000 

III 

5,010,000 

2,784,000 

2,156,000 

1,264,000 

554,000 

472,000 

CI 

G5 

544,000 

1,752,000 

2,176,000 

2,584,000 

744,000 

II 

9,840,000 

12,688,000 

13,664,000 

14,176,000 

13,844,000 

14,480,000 

III 

7,240,000 

5,168,000 

3,336,000 

1,776,000 

980,000 

864,000 

7  days 

8  days 

9  days 

10  days 

11  days 

12  days 

Al 

10,752  000 

8,768,000 

6,616,000 

5,456,000 

4,464,000 

2,056,000 

II 

4,460,000 

1,056,000 

1,840,000 

1,560,000 

1,456,000 

488,000 

III 

240,000 

328,000 

252,000 

336,000 

312,000 

220,000 

BI 

944,000 

560,000 

732,000 

3,820,000 

5,584,000 

9,280,000 

II 

9,936,000 

7,856,000 

4,592,000 

2,576,000 

1,960,000 

1,104,000 

III 

220,000 

204,000 

132,000 

80,000 

46,500 

10,500 

CI 

556,000 

340,000 

252,000 

264,000 

1,184,000 

7,071,000 

II 

13,456,000 

8,720,000 

2,680,000 

1,184,000 

960,000 

2,000,000 

III 

560,000 

492,000 

196,000 

70,500 

53,000 

10,000 
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14  days 
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16  days 
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^I 

1,992,000 
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220,000 

160,000 

324,000 
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II 
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Bl 
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II 
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704,000 

296,000 

III 
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96,000 

66,000 

24,000 
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Il>  (lays 

20  (layH 

21  (lays 

22  (lays 

23  days 

24  days  * 

A  I 

448.000 

208,000 

280,000 

292,000 

292,000 

3,424,000 

II 

sr)i>,()()0 

nci.ooo 

308,000 

550.000 

780,000 

2,252,(J00 

III 

1 :{,-)()() 

l7.3r,o 
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2,330 

1,890,000 

/>■  1 

KkS.OOO 

U3,()()0 

148,000 

11(5,000 

80,000 

4,944,000 

H 

7(58,000 

101,000 

30,000 

— 

25,500 

2,400,000 

Til 

I  .r)00 
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5 

9 

1 

1 ,045,000 

r  1 

LM>.'{(;.()<)() 

1,14S,(){)() 

5{)2,0()0 

170,000 

124,000 

4,410,000 

11 

laj.ooo 

ir)2.()()() 

I80,()()0 

232,000 

184,000 

4,200,(J00 

III 

— 

544 

2,384 

2,810 

3,508 

3,384,000 

25  (lays 

2(5  days 

27  (lays 

28  (Jays 

29  days 

30  days 

A  I 

4,73(5,000 

5,204,000 

4,0<)(),()00 

3,080,000 

2,210,000 

784,000 

11 

2,144,000 

1,384,000 

904,000 

1,21(5,000 

998,000 

880,000 

III 

2,184,000 

1,704,000 

1 ,3()(),000 

198,000 

20,500 

9,500 

BI 

0,320,000 

5,090,000 

3,944,000 

1,810,000 

800,000 

520,000 

II 

3,032,000 

5,250,000 

4,328,000 

2,125,000 

570,000 

170,000 

III 

2,720,000 

1,750,000 

1,328,000 

008,000 

100,000 

33,500 

CI 

5,200,000 

4,570,000 

1,908,000 

912,000 

348,0(J0 

204,000 

II 

4,720,000 

4,130,000 

1,850,000 

772,000 

418,000 

304,(X}0 

III 

2,224,000 

1,840,000 

1,208,000 

1,080,000 

010,000 

248,000 

*  After  the  samples  for  counting  had  been  removed,  the  contents  of  the  tubes  were  made 
up  to  5  c.c.  with  sterile  distilled  water,  and  one  drop  of  a  concentrated  meat  extract  (50  c.c. 
concentrated  to  2  c.c.  by  evaporation  at  40°  C.)  added. 

It  will  be  noticed  that  in  the  case  of  the  acid  acclimatised  coccus  in  the 
acid  medium  {A  I)  moderate  growth  occurred  in  24  hours  and  considerable 
multiplication  in  two  days.  During  the  next  two  days  no  further  multiplica- 
tion took  place,  but  subsequently  rapid  multiplication  occurred,  the  maximum 
numbers  being  reached  on  the  7th  day.  After  this  there  was  a  rapid  decline. 
In  the  neutral  medium  {A  II)  there  was  rapid  multiplication  during  the  first 
two  days.  During  the  next  four  days  a  high  level  was  maintained  followed 
by  a  rapid  fall.  A  small  secondary  rise  commenced  on  the  fifteenth  day.  In 
the  alkaline  medium  {A  III)  moderate  multiplication  occurred  in  the  first 
24  hours  followed  by  a  slow  decHne  to  a  very  low  level. 

In  the  case  of  the  neutral  acclimatised  coccus  in  the  acid  medium  {B  I) 
very  little  multiphcation  occurred  in  the  first  24  hours.  During  the  next  three 
days  slow  multiphcation  took  place  followed  by  a  slow  fall  in  numbers  during 
the  next  five  days.  After  this  rapid  multiphcation  occurred  the  maximum 
being  reached  on  the  13th  day.  A  rapid  fall  in  numbers  followed.  In  the 
neutral  medium  (Bll)  a  high  level  was  reached  on  the  second  day,  and 
maintained  for  four  days.  After  a  rapid  fall  in  numbers  a  marked  secondary 
rise  occurred,  commencing  on  the  14th  day.  In  the  alkaline  medium  {B  111) 
rapid  multiplication  occurred  in  the  first  24  hours  followed  by  a  fall  in  the 
numbers  to  a  low  level. 

In  the  case  of  the  alkali  acclimatised  coccus  in  the  acid  medium  (C  I) 
after  a  moderate  primary  multiplication  which  reached  its  maximum  on  the 
5th  day,  a  fall  in  numbers  occurred  followed  by  a  rapid  and  great  multipHca- 
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tion  reachiiiti;  its  maxinium  on  the  15th  day.  In  the  neutral  medium  (C  11) 
a  high  level  was  reached  on  the  second  day,  and  maintained  for  five  days. 
This  was  followed  by  a  rapid  fall  and  a  small  secondary  rise  commencing  on 
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S.  aureus  accustomed  to  acid  medium 


S.  aureus  accustomed  to  neutral  medium 


5.  aureus  accustomed  to  alkaline  medium 


Chart  18.   Showing  the  rate  of  multiplication  of  acid,  neutral  and  alkali  acclimatised  cocci  in  acid, 

neutral  and  alkaline  media  respectively. 

the  12th  day.    In  the  alkaline  medium  (C  III)  rapid  multiplication  occurred 
in  the  first  24  hours  followed  by  a  somewhat  rapid  fall  to  a  low  level. 

The  addition  of  further  food  material  on  the  23rd  day  caused  considerable 
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inulti]>li(';i<i<>n  in  ;ill  the  cult  hits,  which   \v;is  most    iii;irk-c<l  in  thcjicid  media, 

{A  I,  li  \J'  I). 

The  iiiliiKMice  of  the  prcivious  treatmoiit  i.s  jx'iluqm  best  soon  in  ('hait  Hi, 
in  which  the  j^Towtlis  of  the  three  treated  strains  are  compared  on  siniihir 
media. 
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Chart   19.    Comparing  the  rate  of  multiplication  on  acid,  neutral  and  alkaline  meat  extract 
respectively  of  acid,  neutral  and  alkali  acclimatised  cocci. 

It  will  be  seen  that  on  the  acid  medium  all  three  strains  show  a  small 
primary  rise  followed  after  a  fall  in  numbers  by  a  great  secondary  rise.  In 
the  case  of  the  acid  acclimatised  coccus  the  secondary  rise  reaches  its  maximum 
on  the  7th  day,  in  the  neutral  accUmatised  coccus  on  the  13th  day  and  in 
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the  alkali  acclimatised  coccus  on  the  15th  day.  In  the  neutral  medium  there 
is  also  a  primary  and  a  secondary  rise,  but  the  former  is  much  greater  than 
the  latter.  In  the  case  of  the  acid  acclimatised  coccus  the  primary  rise  is 
least  in  height  and  duration  and  in  the  alkali  acclimatised  coccus  greatest 
both  in  height  and  duration.  In  the  alkaline  medium  a  primary  rise  only 
occurs,  and  subsequently  the  numbers  fall  to  a  very  low  level.  The  rise  is 
least  in  the  acid  acclimatised  coccus,  and  greatest  in  the  alkali  acclimatised 
coccus. 

In  comparing  these  experiments  with  others  previously  quoted  it  should 
be  remembered  that  the  organisms  have  not  only  been  acclimatised  to  growth 
in  media  of  different  reactions,  but  also  to  continuous  growth  in  fluid  meat 
extract  medium. 

Section  XIV.  The  influence  on  growth  of  the  addition  of  gelatin  or 

agar  to  meat  extract. 

In  order  to  ascertain  the  influence  of  the  addition  of  small  quantities  of 
gelatin  or  agar  to  meat  extract  five  series  of  tubes  containing  media  of  the 
following  composition  were  prepared  and  sterilised  in  the  autoclave. 


Series 

Meat 
extract 

iV/10  soda 

Gelatin  (20  %)  in 
distilled  water 

Agar  (2  %)  in 
distilled  water 

Distilled 
water 

A 

1 

0-26 

2 

— 

1-74 

B 

0 

018 

2 

— 

2-82 

C 

1 

0-08 

— 

— 

3-92 

D 

1 

0-08 

— 

0-5 

3-42 

E 

0 

0 

— 

0-5 

4-5 

All  the  series  were  made  neutral  to  neutral  red  by  the  addition  of  iV/10 
soda.  It  will  be  noticed  that  Series  A  contains  both  meat  extract  and  gelatin, 
Series  B  gelatin  alone,  Series  C  acts  as  a  control,  Series  D  contains  meat 
extract  and  agar,  and  Series  E  agar  alone. 

Four  tubes  of  each  series  were  prepared  and  numbered  ^  1,  2,  3,  4,  etc. 
To  the  first  tube  of  each  series  a  drop  of  a  strong  emulsion  of  S.  aureus  was 
added;  the  2nd,  3rd  and  4th  tubes  received  such  dilutions  of  the  emulsion 

that  approximately  j^,  iqqqq,  and  y^,^  of  the  dose  was  added. 

In  order  to  avoid  confusion  three  experiments  only  of  each  series  are 
illustrated  in  Chart  20.  It  will  be  noticed  that  the  appearances  in  the  charts 
are  affected  in  each  series  only  to  a  very  slight  degree  by  variations  in  the 
initial  dose  of  the  organisms.  Series  C,  the  controls,  show  "standard"  curves. 
In  Series  B,  containing  gelatin  only,  multiplication  occurs,  but  only  to  about 
one-fifth  the  extent  in  Series  C.  On  the  other  hand  in  Series  A,  containing 
both  meat  extract  and  gelatin,  multiplication  occurs  to  twice  the  extent  it 
does  in  Series  C,  the  maximum  figures  being  greater  by  one-third  than  the 
maxima  of  5  and  C  together.  In  Series  D,  agar  and  meat  extract,  multiplica- 
tion occurs  to  only  half  the  extent  it  does  in  Series  C,  but  the  fall  in  the 
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ilftrr 
Tllln>        ilKUIllMl  il>I»          ( 

i")    llOIIPH 

24  liourH 

30  lioiirH 

54  Iioiirs 

72  liotirH 

96  lionrs 

A  1 

—               l! 

;,sr)<;.()oo     } 

^.);r).s.()()o     ii,2HO,(H)o 

14,09(;,000 

15,S0S.000 

16,4()4,000 

2 

— 

H)4.()()()       ( 

;,3:i(),()oo 

9,172,000 

13,2HH,000 

15,000.000 

1(5,484,000 

3 

— 

1,520 

— 

— 

— 

— 

4 

— 

21     : 

J,952,()00 

5,988,000 

10,848,000 

14.864,000 

15,502,000 

J51 

—               I 

.116,000 

1 ,752.000 

2,096.000 

1 ,568,000 

1,320,000 

2HH,000 

2 

— 

41.600 

1.664.000 

1 ,720,000 

1 ,856,000 

1 .656,000 

432,000 

3 

— 

32S 

l,3(;s,0()0 

1,79S,(I00 

2,096,000 

2,004,000 

332,000 

4 

— 

3 

931,000 

1,()56,000 

2,120,000 

1 ,952,000 

336,000 

CI 

78,048          li 

:,472,000       ( 

;.(;2(),ooo 

7,744,000 

9,200,000 

9,568,000 

7,424,000 

2 

872 

67,()00       i 

),744,000 

7,376,000 

8,604,000 

9,344,000 

8,260,000 

3 

7 

248       / 

-),  166,000 

6,522,000 

9,088.000 

9,088,000 

7,232,000 

4 

0-8 

1      : 

>,800,000 

5,984,000 

8,500,000 

— 

6,670,000 

Dl 

—              1,832,000      ^ 

^,848,000 

5,100,000 

5,232,000 

3,568,000 

— 

2 

— 

44,000      : 

5,520,000 

4,944,000 

4,932,000 

3,776,000 

— 

3 

— 

?          i 

i,464,000 

4,624,000 

5,166,000 

3,904,000 

— 

4 

— 

()     ] 

1,528,000 

4,688,000 

4,848,000 

4,688,000 

— 

El 

— 

75,136 

2,850 

— 

— 

0 

0 

2 

— 

145 

0 

— 

— 

0 

0 

3 

— 

7 

0 

— 

— 

0 

0 

4 

— 

0 

0 

— 

— 

0 

0 

Tube 

5  da}' s 

6  days 

7  days 

8  days 

9  days 

10  days 

11  days 

13  days 

14  days 

A  1 

17,120,000 

17,096,000 

10,496,000 

7,792,000 

5,924,000 

5,166,000 

4,208,000 

244,000 

232,000 

2 
3 
4 

17,280,000 

17,344,000 

8,672,000 

7,968,000 

6,152,000 

5,832,000 

4,240,000 

592,000 

232,000 

10,716,000 

16,604,000 

13,288,000 

11,536,000 

9,296,000 

8,528,000 

4,320,000 

744,000 

520,000 

Bl 

196,000 

228,000 

188,000 

228,000 

148,000 

— 

— 

— 

82,000 

2 

240,000 

212,000 

192,000 

148,000 

228,000 

— 

— 

— 

44,500 

3 

320,000 

172,000 

164,000 

172,000 

204,000 

— 

— 

— 

43,000 

4 

276,000 

184,000 

184,000 

250,000 

224,0C0 

— 

— 

— 

66,000 

CI 

3,856,000 

704,000 

324,000 

160,000 

224,000 

— 

— 

— 

83,000 

2 

5,936,000 

1,080,000 

308,000 

272,000 

232,000 

— 

— 

— 

42,000 

3 

— 

— 

260,000 

152,000 

144,000 

— 

— 

— 

145,000 

4 

5,120,000 

1,664,000 

460,000 

244,000 

114,000 

— 

— 

— 

67,000 

Z)l 

2,368,000 

1,456,000 

1,628,000 

1,136,000 

1,144,000 

736,000 

284,000 

29,500 

— 

2 

2,920,000 

2,200,000 

1,648,000 

1,520,000 

1,588,000 

1,312,000 

932,000 

136, ()()() 

— 

3 

2,512,000 

1,944,000 

1,632,000 

1,600,000 

1,696,000 

1,440,000 

792,000 

1()4,(M»() 

— 

4 

3,120,000 

2,304,000 

1,416,000 

1,326,000 

1,392,000 

1,112,000 

420,000 

46,000 

— 

numbers  is  much  more  prolonged.  In  Series  E,  agar  alone,  no  mnlti])lic'ation 
took  place,  and  the  cocci  died  out  rapidly. 

From  experiments  of  this  nature,  of  which  three  were  carried  out,  it  is 
evident  that  S,  aureus  can  grow  in  gelatin  alone,  and  that  the  addition  of 
gelatin  to  meat  extract  results  in  a  medium,  which  is  very  favourable  to 
multiplication.  S.  aureus  cannot  grow  on  agar  alone,  and  the  addition  of 
agar  to  meat  extract  checks  multiplication,  but  causes  the  decline  in  numbers 
to  be  slower. 

Organisms  belonging  to  other  groups  may  react  differently  under  such 
experimental  conditions. 
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Section  XV.  The  vfjccf-'^  of dddnifj  rarioxs  (/i/fni/ihCs  of  (h'ljcrent  acids  to  neutral 

meat  cat  1(1(1  a  (/or  he/ore  inoculation. 

The  ox])erinients  dcsoribcd  in  IIiIh  section  were  carried  out  only  once,  and 
not  repeated.  They  are  described  Jiere  as  they  are  related  to  those  recounted 
in  the  last  section  a,nd  exhibit  some  interesting  features. 

The  medium,  consistin*^  of  meat  extract  (I  vol.  of  meat  extract  to  l!-5  vols, 
of  water)  and  a«^ar  (2  per  cent.),  was  cleared  with  e^^-white,  neutralised  to 
neutral  red  and  sterilised  on  three  occasions  in  the  steamer.  While  hot  9  c.c. 
portions  were  ])i])etted  into  large  test-tubes.  To  a  second  series  sufficient 
salt  was  added  to  make  a  concentration  of  0-9  per  cent.  Neither  series  con- 
tained peptone. 

At  the  commencement  of  the  experiment  the  agar  in  the  tubes  was  melted 
and  cooled  to  45°  C.  To  different  tubes  0-25,  O-.^,  0-75,  1-0,  1-5,  2-0,  3-0,  4-0  and 
5-0  c.c.  of  iV/10  solutions  of  the  following  acids^,  hydrochloric,  orthophos- 
phoric,  lactic,  butyric,  isobutyrio  and  a  mixture  of  glutaminic  and  aspartic, 
were  added,  and  the  contents  of  the  tubes  mixed  by  rotation.  Then  one  drop 
of  an  emulsion  of  S.  anrevs  in  distilled  water  was  added,  the  presence  or 
absence  of  a  precipitate  noted,  the  tubes  rotated  and  plates  poured.  After 
24  hours'  incubation  at  37°  C.  the  colonies  present  on  each  plate  were  counted. 

iV/lO  hydrochloric  acid 


Quantity  of 
acid  added 

M( 

3dium  without  salt 

una 

0-9  %  salt  added 

Colonies 

Condition  of  medi 

Colonies 

Condition  of  medium 

0-25  c.c. 

1946 

Clear 

1018 

Clear 

0-5 

1720 

>> 

1725 

Slight  opalescence 

0-75 

1990 

>> 

1550 

Clear 

10 

0 

Marked  precipitate 

1116 

>> 

1-5 

0 

j»                 >> 

1890 

)> 

20 

1988 

Clear 

1527 

>> 

30 

0 

Marked  precipitate 

1076 

Slight  precipitate 

iV/10  orthophosphoric 

acid 

0-25 

1704 

Slight  opalescence 

491 

Very  slight  opalescence? 

0-5 

1995 

Clear 

1960 

»                 » 

0-75 

1775 

>» 

1297 

M                                    »» 

10 

1918 

>> 

928 

Clear 

20 

1 

Precipitate 

0 

Precipitate 

30 

1521 

Slight  opalescence 

664 

Clear 

40 

0 

Precipitate 

1675 

>> 

50 

0 

»» 

0 

Precipitate 

0-25 

1908 

N/IO  lactic  acid 
Clear 

1564 

Clear 

0-5 

1843 

>» 

1586 

Slight  opalescence 

0-75 

1786 

Slight  precipitate 

1313 

»»               »» 

10 

1835 

Clear 

1491 

»»               »» 

20 

1889 

?> 

0 

Precipitate 

30 

0 

Precipitate 

0 

»» 

40 

0 

»* 

0 

>» 

60 

0 

>• 

0 

»» 

^  These  solutions  were  made  up  by  Mr  F.  W.  Foreman. 
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A^/10  bu 

tyric 

acid 

Medium  without  salt 

0-9  %  salt  added 

Qiumtitv  of 

A 

iicicl  iiilcled 

Colonies 

Comlitiou  ot  medium 

Colonies 

Condition  of  medium 

0-25 

1939 

Clear 

1383 

Clear 

0-5 

1(563 

>> 

916 

>> 

0-75 

794 

Slight  opalescence 

1863 

Slight  opalescence 

10 

1545 

Clear 

252 

Precipitate 

1-6 

0 

Precipitate 

1 

»* 

20 

— 

— 

0 

>* 

N/IO  isobutyric  acid 

0-25 

1846 

Slight  opalescence 

1692 

Very  slight  opalescence 

0-5 

1989 

>»           >> 

1260 

»»                     >> 

0-75 

1831 

Clear 

1753 

»»                     »» 

10 

0 

Precipitate 

0 

Precipitate 

1-5 

1868 

Clear 

0 

»> 

20 

0 

Precipitate 

0 

*t 

iV/10  glutaniinic 

and 

aspartic  acids 

(calculated  as 

if  all 

glutaminic) 

0-25 

2134 

Very  slight  opalescence 

1826 

Clear 

0-5 

1847 

Slight  precipitate 

1867 

Slight  opalescence 

0-75 

1804 

»>               »» 

1708 

„      precipitate 

10 

1282 

Precipitate 

1817 

Clear 

20 

0 

*» 

0 

Precipitate 

30 

0 

»» 

1778 

Clear 

40 

0 

f) 

0 

Precipitate 

50 

0 

»* 

0 

»> 

In  the  series  without  salt  it  will  be  noticed  that  in  the  case  of  hydrochloric, 
orthophosphoric  and  isobutyric  acids  growth  occurred  when  the  medium 
remained  clear  after  the  addition  of  the  acid,  but  not  when  the  addition  of  the 
acid  caused  a  precipitate.  In  the  case  of  butyric  acid  the  addition  of  0-75  c.c. 
caused  a  slight  opalescence,  and  the  number  of  colonies  was  greatly  reduced, 
but  in  the  case  of  lactic  acid  though  the  addition  of  0-75  c.c.  caused  a  precipi- 
tate little  reduction  in  the  number  of  colonies  occurred.  In  the  case  of 
glutaminic  acid  growth  occurred  when  quantities  up  to  1-0  c.c.  were  added  in 
spite  of  the  production  of  a  precipitate. 

In  the  series  containing  0-9  per  cent,  of  salt  most  of  the  tubes  to  which 
hydrochloric  acid  was  added  remained  clear  and  growth  occurred  in  all  of 
them.  In  the  case  of  orthophosphoric  acid  a  well  marked  precipitate  formed  on 
the  addition  of  2-0  c.c.  and  at  that  point  no  growth  occurred.  In  the  tubes  to 
which  1-0  and  3-0  c.c.  were  added  the  number  of  colonies  was  small.  In  the 
case  of  lactic,  butyric  and  isobutyric  acids  inhibition  of  growth  was  caused 
by  the  addition  of  smaller  quantities  than  in  the  series  to  which  no  salt  was 
added.  In  the  case  of  glutaminic  acid  a  precipitate  was  formed  on  the 
addition  of  0-75  and  2-0  c.c.  At  the  latter  point  only  was  growth  inhibited. 


G.  S.  (jIraham-Smitii 
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Skctton  X\\.  T/ic  effects  of  I  hi'  (uldilion  of  (jhicose. 

SevtMiil  sciics  of  ('.\])('rim(Mi1.s  \v<'i('  undcrtalvMui  lo  MBcertain  the  effects 
of  the  jidditioii  of  j^Iueose  to  meat  extract  media.  Tlie  results  were  not  iiiiiforni, 
and  tlie.reforr  the  exjx'rinuMits  are  (jiioted  in  the,  or(h'r  in  which  thciy  \V(ire 
carried  out. 

Series  I.  I^'our  tubes  contninin*^  meat  extract  1  c.c,  NjM)  soda  0-08  c.c, 
•..ducose  (5  ])('r  cent.)  in  distilled  water  1  c.c.  and  distilled  water  2*92  c.c. 
were  pre])ared,  a.?id  each  was  inoculated  with  a  dio])  of  an  emulsion  of 
aS.  ((incus  in  distilled  water  and  incubated  at  37°  C. 


Number  at 

boginninp  of 

Tul)o 

ex  peri  moil  (. 

1  (lay 

2  days 

3  days 

4  days 

5  days 

1 

441G 

4,000,000 

:j,2ss,ooo 

1,120,000 

1  1(),000 

2,500 

2 

— 

3,S88,000 

3,770,000 

1,744,000 

3H),000 

7,000 

3 

— 

3,()32,000 

3,()48,000 

1,712,000 

352,000 

12,000 

4 

— 

4,060,000 

3,37(),000 

l,r)36,000 

100,000 

4,000 

0  days 

7  daya 

8  days 

12  days 

13  days 

14  days 

1 

G2 

3 

1 

0 

0 

0 

2 

74 

1 

0 

0 

0 

0 

3 

22 

0 

0 

0 

0 

0 

4 

73 

1 

0 

0 

0 

0 

All  the  members  of  this  series  behaved  in  a  very  uniform  manner  (Chart  21), 
and  all  the  cultures  were  dead  by  about  the  9th  day.  These  cultures  differed  in 
appearance  from  those  to  which  glucose  was  not  added.  After  24  hours'  in- 
cubation there  was  a  copious,  granular  deposit  in  the  glucose  cultures,  whereas 
in  those  without  glucose  the  fluid  was  cloudy,  and  the  sediment  smaller  in 
quantity  and  finely  divided.  Microscopically  the  organisms  in  the  former 
were  in  groups,  Avhile  in  the  latter  they  were  separate. 

Days 

Numbers 

4,000,000 

3,000.000 

2,000,000  - 

1,000,000 


Chart  21.   Showing  the  rate  of  multiplication  in  meat  extract  to  which  1  %  glucose  was  added. 

In  Series  II  the  first  three  tubes  contained  different  proportions  of  glucose, 
the  fourth  tube  contained  no  glucose  and  acted  as  a  control,  and  the  last 
three  tubes  were  of  the  same  composition  as  tube  3,  but  additions  were  made 
to  them  daily.  To  tube  5  was  added  daily  one  drop  of  mixture  A,  to  tube  6 
one  drop  of  mixture  B  and  to  tube  7  one  drop  of  mixture  C. 
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In  makin*^  up  iiiixtures  A   and  B  concentrated  meat  extract  obtained 
by  evaporating  40  c.c.  oi"  meat  extract  to  2  c.c.  was  made  use  of. 
Mixture  A  consisted  of  1  c.c.  concentrated  meat  extract  and  1  c.c.  distilled  water 


>> 

B 

>> 

1  c.c.    „ 

»» 

and  1 

c.c.  glucose  (5  %)  in  distilled  water 

»» 

C 

» 

1  c.c.  distilled  water 

and  1 

c.c.    ,,      ,,        ff 

Meat 

Distilled 

Glucose  (5 

%)  in 

Tube 

extract 

water 

N/IO  soda 

distilled  water 

1 

1  c.c. 

0-92 

008 

30 

2 

1-92 

008 

20 

3 

2-92 

008 

10 

4 

3-92 

008 

0 

5 

2-92 

008 

10 

1  drop  of  mixture  A  added  daily 

6 

2-92 

008 

10 

»»     >>  J^      >>    >» 

7 

2-92 

008 

10 

»>     >»   ^   »>    »f 

Each  tube  was  inoculated  with  one  drop  of  an  emulsion  of  S.  aureus  in 
distilled  water,  and  incubated  at  37°  C. 


No.  at 

beginning 

of  experi- 

Tube 

ment 

21  hours 

45  hours 

3  days 

4  days 

5  days 

6  days 

7  days 

1 

5G60 

4,816,000 

2,168,000 

352,000 

101,000 

70,270 

98,432 

440,000 

2 

— 

5,024,000 

2,552,000 

696,000 

48,000 

8,080 

1,784 

7,392 

3 

— 

5,152,000 

3,264,000 

1,152,000 

83,000 

4,368 

3,000 

808 

4 

— 

7,680,000 

9,872,000 

5,840,000 

4,016,000 

2,560,000 

1,376,000 

732,000 

5 

— 

4,720,000 

3,686,000 

1,132,000 

234,000 

69,000 

644,000 

2,040,000 

6 

— 

4,962,000 

4,296,000 

1,848,000 

321,000 

69,000 

42,000 

179,700 

7 

— 

4,928,000 

3,600,000 

1,748,000 

180,000 

40,000 

7,500 

203 

8  days 

9  days 

10  days 

11  days 

12  days 

13  days 

14  days 

15  days 

1 

234,000 

14,500 

1,000 

2,040 

6,240 

8,836 

7,232 

2,544 

2 

52,700 

240,000 

268,000 

200,000 

27,500 

1,032 

— 

79 

3 

175 

5 

1 

0 

0 

0 

0 

0 

4 

492,000 

148,000 

48,000 

27,500 

9,984 

9,696 

12,736 

39,040 

5 

1.25(;,000 

988,000 

76,000 

228,000 

556,000 

496,000 

340,000 

248.000 

6 

1,010,000 

816,000 

124,000 

348,000 

504,000 

684,000 

1,056,000 

1,144,000 

7 

42 

118 

1,064 

31,250 

64,000 

71,500 

28,000 

3,984 

16  days 

17  days 

18  days 

19  days 

20  days 

21  days 

22  days 

23  days 

1 

1,904 

4,544 

8,960 

2,000 

2,064 

1,728 

5,776 

10,880 

2 

81 

66 

82 

96 

90 

81 

74 

49 

3 

4 
5 

0 

0 

0 

0 

0 

0 

0 

0 

508,000 

856,000 

1,176,000 

268,000 

244,000 

224,000 

145,000 

82,000 

6 

628,000 

808,000 

664,000 

596,000 

604,000 

716,000 

568,000 

620,000 

7 

960 

138 

9 

11 

12 

33 

354 

1,496 

24  days 

25  days 

26  days 

27  days 

28  days 

29  days 

30  days 

31  days 

1 

10,596 

11,712 

14,688 

15,488 

14,816 

16,566 

8,400 

32,040 

2 

28 

18 

17 

20 

23 

35 

34 

48 

3 

0 

0 

0 

0 

0 

0 

0 

0 

5 

66,500 

51,500 

72,000 

102,000 

166,000 

198,000 

350,000 

548,000* 

6 

992,000 

760,000 

708,000 

712,000 

448,000 

348,000 

429,000 

500,000 1 

7 

4,704 

10,272 

19,648 

21,344 

16,128 

7,728 

488 

22 

*  9  drops  of  mixture  A  added. 

f  10  drops  of  mixture  B  added.   After  the  32nd  and  31st  days  respectively  no  additions  were 
made  to  tubes  5  or  6. 
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.'{2  (lays        X]  (iays        'M  ihiyn        .'M  (luys        .'{()  dayH        'M  «layn        38  days        30  days 

1  ir).4SS  3,(iS()  4H()  53  2ii  2  0  0 

2  3S  31  0  110  0  0 

3  0  0  000000 

5       1,032.000 J  I.(UH.0()0     2.Hn5.000     2,sr)(},(M)0     3,17(5,000     3,()03,()(K)     2,2H},()00     1,144,000 

0  70r),()(K)     2,024,000     2,(5r)0,(K)()     3.(M0,0(H)     3,224,000     2,0(J8,0(M)     3,302,000     l,<;72,CK)0 
7  10  0  0  0  0  0  0 

40  (lays  41  days  43  days  44  days  47  days 

1  0  —  0  0  0 

2  0  —  0  0  0 

3  0  —  0  0  0 

5  190,000    13,500        0        0        0 

6  308,000     2,500        0        0        0 

7  0    —  0       0       0 

X  10  drops  of  mixture  A  added. 

From  the  tables  it  will  be  seen  that  culture  3  behaved  in  the  same  maimer 
as  the  cultures  of  Series  I.  On  the  other  hand  culture  1  containing  three  times 
as  much  glucose  showed  several  oscillations  in  numbers,  and  small  numbers 
of  organisms  were  alive  up  to  the  37th  day.  The  same  phenomenon  was 
exhibited  in  culture  2,  but  to  a  lesser  extent.  In  all  three  cultures  death  of 
the  organisms  ultimately  occurred.  In  culture  5  to  which  concentrated  meat 
extract  was  added  daily  considerable  oscillations  occurred,  but  the  figures 
remained  throughout  at  a  moderately  high  level.  The  addition  of  larger 
quantities  of  concentrated  meat  extract  on  the  31st  and  32nd  days  caused 
a  decided  rise  in  the  numbers.  Subsequently  no  additions  were  made  and 
the  culture  died.  Culture  6  to  which  concentrated  meat  extract  together 
with  glucose  was  added  daily  followed  a  very  similar  course  to  culture  5. 
These  two  cultures  seem  to  show  that  if  in  the  presence  of  glucose  small 
quantities  of  food  material  are  added  daily,  whether  with  or  without  glucose, 
the  cultures  remain  alive  for  prolonged  periods.  The  addition  of  larger  quantities 
of  food  material  causes  considerable  multiplication  to  take  place,  but  in  the 
absence  of  further  additions  of  food  material  the  organisms  die.  With  daily 
small  additions  of  glucose  as  in  culture  7  the  organisms  may  remain  alive  for 
30  days  and  small  oscillations  in  the  numbers  occur  (Chart  22). 

Series  III.  In  this  series  the  proportion  of  glucose  varied  in  all  the  tubes, 
which  contained  media  of  the  following  compositions : 


Meat 

Distilled 

Glucose  (25  % 
in  distilled 

Tube 

extract 

N/IO  soda 

water 

water 

1 

1  CO. 

008 

1-92 

2 

2 

0-08 

2-92 

1 

3 

008 

342 

0-6 

4 

008 

3-72 

0-2 

6 

008 

3-82 

0  1 

6 

008 

3-9 

002 

7 

008 

392 

0 

Journ.  of  Hyg.  xix  12 
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Each  tube  was  inoculated  with  a  drop  of  an  emulsion  of  S.  aureus  in  dis- 
tilled water  and  incubated  at  37°  C.  The  organisms  had  been  subcultured 
daily  on  agar  for  four  days. 


No.  at 

beginning  of 

Tube 

experiment 

23  hours 

47  hours 

67  hours 

4  days 

5  days 

1 

5760 

5,616,000 

1,260,000 

600,000 

46,500 

8,400 

2 

— 

6,160,000 

1,414,000 

128,000 

10,000 

824 

3 

— 

7,137,000 

3,052,000 

298,000 

12,000 

1,264 

4 

— 

7,796,000 

4,904,000 

1,192,000 

8,000 

208 

6 

— 

8,656,000 

5,592,000 

2,408,000 

660,000 

1,906 

6 

— 

8,832,000 

7,424,000 

3,536,000 

1,720,000 

296,000 

7 

— 

9,696,000 

12,976,000 

11,248,000 

2,864,000 

868,000 

1 
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is:] 


Tube 

n  (lays 

7  (lay a 

8  (layH 

0  (lays 

10  days 

1  1  (lays 

1 

2,7()S 

228 

36 

1 

0 

0 

2 

(53 

0 

0 

0 

0 

0 

3 

lUO 

0 

0 

0 

0 

0 

4 

•  >•> 

0 

0 

0 

0 

0 

6 

77 

8 

— 

— 

3H4 

0 

6 

55,808 

LMi.ITO 

26.LMf(> 

2f),288 

7,536 

3,760 

7 

1,244,000 

408,000 

272,000 

148,(K)0 

7»,5(M) 

46,500 

12  (layfl 

13  (lays 

14  (layH 

17  (lays 

22  days 

1 

0 

— 

— . 

0 

0 

2 

0 

— 

— 

0 

0 

3 

0 

— 

— 

0 

0 

4 

0 

— 

— 

0 

0 

6 

0 

— 

— 

0 

0 

6 

856 

1,248 

888 

568 

14 

7 

13,824 

29,056 

30,400 

45,440 

48,128 

Even  when  the  quantity  of  glucose  present  is  very  small  the  numbers 
begin  to  fall  after  24  hours'  incubation,  instead  of  rising  as  they  do  in  cultures 
without  glucose  (Chart  23). 

With  increasing  quantities  of  glucose  the  maximum  attained  diminishes, 
and  the  rateof  the  subsequent  fall,  atleast  fromthe2ndtothe4thday,  increases. 

Days 

Numbers 


10,000,000 


5,000,000 


1      2     .3 

4 

5 

6 

7 

8 

9 

,\ 

. 

/  \ 

• 

1                     1 

/           ; 

7 

• 

1 

■ 

\ 

• 

1  \'^&\ 

\ 

■ 

Ml            \\/-.-       V     \ 

■  ffJ          W*.     V     \ 
Si          «  '•     V     \ 

\ 

■ 

•f  A  \  \ 

'<■■ 

^ 

■ 

1                    vA. 

^^ 

'■^- 

^ 

■ 

"!• 

1 

'~^~ 

— . 

Chart  23.  Showing  the  rate  of  multiplication  in  meat  extract  to  which  different  quantities  of 
glucose  have  been  added.  Tube  6  contains  0-1  %  glucose;  tube  5,  0-5  "o;  tube  4,  I  %;  tube  3, 
2-5  %;  tube  2,  5  %;  tube  1,  10  %;  tube  7  contains  no  glucose  and  acta  as  a  control. 

Series  IV  was  a  repetition  of  part  of  Series  II  in  order  to  ascertain  the  effect 
of  small  daily  additions  of  food  material,  or  glucose,  or  both,  to  cultures  con- 
taining glucose. 

Four  tubes  each  containing  meat  extract  l-O  c.c,  iV/10  soda  0-08  c.c, 
distilled  water  2-92  c.c.  and  glucose  (5  per  cent,  in  distilled  water)   l-O  c.c. 
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were  prepared,  sterilised  by  boiling,  inoculated  with  an  emulsion  of  *S.  aureus 
in  distilled  water,  and  incubated  at  33°  C. 

To  tube  I  were  added  daily  two  drops  of  concentrated  meat  extract 
(100  c.c.  meat  extract  evaporated  to  10  c.c.  and  10  c.c.  of  distilled  water), 
to  tube  II  two  drops  of  concentrated  meat  extract  with  glucose  (100  c.c.  meat 
extract  evaporated  to  10  c.c.  and  10  c.c.  of  25  per  cent,  glucose  in  distilled 
water),  and  to  tube  III  one  drop  of  5  per  cent,  glucose  in  distilled  water.  To 
tube  IV  which  acted  as  a  control  no  additions  were  made. 


Tube 

No.  at  beginning 
of  experiment 

22  hours 

48  hours 

76  hours 

4  days 

5  days 

I 

2024 

5,392,000 

2,176,000 

2,688,000 

2,120,000 

576,000 

IT 

— 

4,896,000 

2,152,000 

2,563,000 

968,000 

188,000 

III 

— 

6,608,000 

2,036,000 

616,000 

412,000 

224,000 

IV 

— 

5,824,000 

2,640,000 

2,024,000 

1,048,000 

2,184,000 

6  days 

7  days 

8  days 

9  days 

10  days 

11  days 

I 

356,000 

160,000 

244,000 

232,000 

784,000 

2,784,000 

II 

144,000 

64,000 

84,000 

1,188,000 

2,816,000 

4,312,000 

III 

640,000 

648,000 

450,000 

176,000 

— 

224 

IV 

568,000 

428,000 

200,000 

28,000 

6,500 

432 

12  days 

13  days 

14  days 

15  days 

17  days 

19  days 

I 

3,792,000 

5,952,000 

4,504,000 

4,744,000 

952,000 

228,000 

II 

3,688,000 

3,824,000 

3,176,000 

2,112,000 

1,176,000 

756,000 

III 

154 

27 

17 

8 

10 

41 

IV 

87 

9 

4 

6 

30 

32 

21  days 

23  days 

26  days 

28  days 

31  days 

35  days 

I 

1,752 

223 

161 

154 

13 

77 

II 

576,000 

940,000 

788,000 

612,000 

185,000 

68,000 

III 

2 

18 

29 

7 

30 

6 

IV 

100 

103 

233 

176 

248 

152 

39  days 

41  days 

44  days 

48  days 

52  days 

I 

0 

0 

0 

0 

0 

II 

103,000 

29,500 

0 

0 

0 

III 

12 

0 

0 

0 

0 

IV 

148 

319 

275 

98 

no 

Days 

5      10 

15    10 

21  23   26 

31    35 

39 

Numbers 
5,000,000 

0 

/   Vs 

"•''/ 

Chart  24.  Showing  the  rate  of  multiplication  in  tubes  of  meat  extract  to  which  1  %  glucose  was 
added,  and  to  which  daily  additions-  of  meat  extract  (I)  and  meat  extract  and  glucose  (II) 
were  made. 


In  tube  I,  with  daily  additions  of  meat  extract,  after  the  primary  rise 
the  numbers  fell  to  a  moderately  low  level  and  then  rose  again  to  nearly  the 
same  level  as  in  the  primary  rise.    Subsequently  a  rapid  fall  to  a  low  level 
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occurred  and  the  culture  was  dead  by  the  :i()th  (hiy.  In  tube  II  witli  daily 
additions  of  meat  extract  and  «,ducoHe  the  course  of  evcMits  was  similar,  but 
the  fall  jjffer  the  secondary  ris(^  was  slower,  and  the  culture  was  dead  on  the 
•11th  day.  In  lube  ill  with  daily  additions  of  ^ducose  the  secondary  rise  was 
very  sli<:jht,  but  verv  small  numbers  remained  aliv^i  till  the  39th  day.  In 
tube  I\'  to  which  no  addition  was  made  there  was  a  slow  fall  after  the 
primary  rise,  and  small  oscillations  s\d)S(MiU(!ntIy.  Tin;  culture  was  still  alive 
on  the  5*2 nd  day. 

Series  I,  cultures  1,  2,  3,  I,  Series  II,  culture  3,  Series  IV,  culture  4,  were 
similar  in  coinposition  and  Series  Til,  culture  4,  contained  the  sa.me  in^'redients 
in  the  same  pro])orti()ns.  Tlui  cultures  in  Series  I,  II  and  111  behaved  in  the 
same  manner,  the  orj^anisms  being  dead  in  about  seven  to  ten  days,  but  in 
the  cultures  of  Series  IV  the  organisms  after  reaching  a  very  low  level  on 
the  17th  day,  multiplied  to  a  small  extent  and  were  still  alive  on  the  52nd 
day.  This  perhaps  indicates  that  if  some  of  the  organisms  survive  the  critical 
period  life  may  be  prolonged  for  a  very  considerable  time.  The  experiments 
described  in  Series  II,  culture  5,  and  in  Series  IV,  culture  1 ,  were  very  similar 
and  indicate  that  in  spite  of  the  presence  of  glucose  the  daily  addition  of  small 
quantities  of  meat  extract  prolongs  the  life  of  the  culture;  similarly  Series  II, 
culture  6,  and  Series  IV,  culture  2,  show  that  in  spite  of  the  presence  of  glucose 
the  daily  addition  of  small  quantities  of  meat  extract  and  glucose  prolongs 
the  life  of  the  culture.  Series  II,  culture  7,  and  Series  IV,  culture  3,  show 
that  the  daily  addition, of  small  quantities  of  glucose  does  not  result  in  the 
rapid  death  of  the  culture. 

Section  XVII.  The  effects  of  adding  living  organisms  of  the  same  species 

to  growing  cultures. 

Several  series  of  experiments,  of  which  four  are  quoted,  were  carried  out 
in  order  to  ascertain  the  effects  of  adding  at  different  times  varying  numbers 
of  S.  aureus  to  cultures  already  growing  in  meat  extract  media.  As  it  is 
necessary  in  such  experiments  to  estimate  the  numbers  at  frequent  intervals 
a  low  concentration  of  meat  extract  was  employed  so  as  to  avoid  very  pro- 
longed observations,  and  the  errors  liable  to  be  introduced  in  counting  large 
numbers.  The  strain  of  S.  aureus  employed  had  been  isolated  recently  from 
pus. 

Exj).  1.  In  the  first  experiment  five  tubes,  each  containing  meat  extract 
0-5  CO.,  iV/10  soda  0-04  c.c.  and  distilled  water  4-4G  c.c,  were  employed. 
All  the  tubes  received  at  the  same  time  a  primary  inoculation  of  a  drop  of  an 
emulsion  of  the  coccus  in  distilled  water,  and  all  except  tube  A.  which  was 
used  as  a  control,  received  at  some  time  a  second  inoculation  of  a  drop  of  a 
freshly  prepared  emulsion  of  the  same  coccus.  The  tubes  were  kept  in  an  in- 
cubator at  37°  C,  but  were  taken  out  for  a  short  time  on  each  occasion  on 
which  subcultures  were  made  from  them. 
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Count  before 
incubation 

Cocci  added 

6-25  hours 

Cocci  added 
6-5  hours   8  hours 

Cocci  added 

Tube 

1-75  hours 

3-5  hours 

8-5  hours 

A 

22l(i 

— 

— 

863,000 

— 

2,092,000 

— 

B 

2552 

1592 

— 

786,000 

— 

2,300,000 

— 

C 

2592 

— 

1465 

818,000 

— 

2,276,000 

— 

D 

2320 

— 

— 

836,000 

2554 

2,695,000 

— 

E 

3004 

— 

— 

848,000 

— 

2,384,000 

1394 

Mean 

— 

— 

— 

830,000 

— 

2,349,000 

— 

15-75  hours 

17  hours 

20  hours 

22  hours 

26  hours 

44  hours 

68  hours 

A 

7,840,000 

6,608,000 

5,784,000 

5,<)72,000 

5,344,000 

488,000 

220,000 

B 

7,304,000 

6,224,000 

5,816,000 

5,698,000 

5,624,000 

447,000 

211,000 

C 

7,97t),000 

7,120,000 

6,040,000 

6,024,000 

5,480,000 

556,000 

208,000 

D 

7,176,000 

7,192,000 

5,564,000 

5,660,000 

5,280,000 

592,000 

242,000 

E 

7,656,000 

6,872,000 

6,232,000 

5,696,000 

5,296,000 

536,000 

187,500 

Mean 

7,590,000 

6,803,000 

5,887,000 

5,750,000 

5,405,000 

524,000 

213,000 

It  will  be  seen  that  in  this  experiment  the  addition  of  small  numbers  of  cocci 
at  different  times  between  1-75  and  8-5  hours  after  the  beginning  of  incubation 
exerted  no  influence  which  could  be  determined  by  the  methods  employed. 

The  slow  rate  of  fall  in  numbers  between  the  15th  and  26th  hours  was 
probably  due  to  cooling  of  the  tubes  owing  to  frequent  removals  from  the 
incubator  in  order  to  prepare  dilutions  for  subcultures. 

Exf.  2.  In  this  series  six  tubes  were  used  containing  a  medium  of  the 
same  composition  as  in  Exp.  1.  In  order  to  maintain  an  approximately 
equal  temperature  during  the  whole  period  the  tubes  were  kept  throughout 
in  a  water-bath  at  37°  C. 


Count  before 

Cocci  added 

Cocci  added 

Tube 

incubation 

0-5  hour 

0-5  hour 

1-5  hours 

1-5  hours 

2-5  hours 

A 

2896 

2752 

— 

4112 

— 

9,984 

B 

2672 

2768 

3712 

7824 

— 

12,960 

C 

2656 

2920 

— 

4008 

2624 

10,944 

D 

2808 

2776 

— 

4248 

— 

10,744 

E 

2720 

2712 

— 

4002 

— 

11,080 

F 

2744 

2800 

— 

4320 

— 

9,854 

Mean 

Cocci  added 

— 

Cocci  added 

— 

— - 

10,927 
Cocci  added 

2-5  hours 

5  hours 

5  hours 

6-5  hours 

7-75  hours 

7-75  hours 

A 

— 

2,680,000 

— 

1,160,000 

2,912,000 

— 

B 

— 

292,000 

— 

1,216,000 

3,016,000 

— 

C 

— 

320,000 

— 

1,104,000 

2,856,000 

— 

D 

1808 

292,000 

— 

1,228,000 

2,720,000 

— 

E 

— 

342,000 

1502 

1,368,000 

3,188,000 

— 

F 

— 

246,000 

— 

1,196,000 

2,776,000 

1672 

Mean 

— 

293,000 

— 

1,212,000 

2,911,000 

— 

10  hours 

12  hours 

14  hours 

16  hours 

17-5  hours 

A 

4,904,000 

5,508,000 

6,298,000 

6,144,000 

5,808,000 

B 

4,960,000 

5,932,000 

6,040,000 

6,008,000 

5,208,000 

C 

4,600,000 

6,060,000 

6,650,000 

5,948,000 

5,768,000 

D 

5,186,000 

6,443,000 

7,050,000 

6,816,000 

6,634,000 

E 

4,736,000 

6,280,000 

6,699,000 

6,600,000 

6,146,000 

F 

4,104,000 

5,982,000 

6,891,000 

6,080,000 

5,820,000 

Mean 

4,738,000 

6,034,000 

6,604,000 

6,266,000 

5,596,000 

G.  R.  riRAHAM-SMrni 
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In  I  his  ('xpcirimciit  also  llic  addition  of  .small  nuinl>(;r.s  of  cocci  sc(inicd  to 
have  vcrv  little  influence  on  the  luindxus  ])reHent  at  various  times,  except 
in  the  earlv  sta.^M's  of  tube  li  hefon;  ra])i(l  multiplication  had  begun. 

Exp.  \\.  In  this  e.\])eriment  four  tulx's  were  used,  each  containing  meat 
extract  0-25  c.c.,  S jM)  sodaO-O'J  c.c.  and  distilled  water  l-7'5  c.c.,  and  the  tubes 
were  kept  throughout  in  the  water-bath  at  37''  C.  Half  an  hour  after  the 
commencement  of  incubation  a  small  nnnd)er  of  cocci  were  added  to  tube  B, 
and  a  hum'  number  to  tube  D.  A  small  numbei'  was  added  to  tube  C  after 
4'5  hours. 


Count  before 
Tube     incubation 


A 
B 
D 

C 


A 
B 
D 
C 

A 
B 
D 
C 


905 
923 
922 

794 

4  hours 
5,984 
7,7G8 

50,944 
3,640 

8-75  hours 
606,000 
594,000 

2,424,000 
548,000 


0-5  hour 
897 
1047 
943 

805 

4-5  hours 

20,000 

16,600 

201,500 

10,800 

9  hours 
1,128,000 

828,000 
2,572,000 

717,000 


Cocci  added 
0-5  hour 

2,369 
19,089 


Cocci  added 
4-5  hours 


2784 

10-25  hours 
2,128,000 
1,544,000 
3,216,000 

1,488,000 


2-5  hours 

1,600 

3,828 

21,440 

1,152 

5-5  hours 

(53,000 

53,500 

600,000 

38,000 

11-25  hours 
2,696,000 

2,748,000 
3,772,000 
2,680,000 


3  hours 
2,676 
4,328 

23,968 
2,028 

6-5  hours 
114,500 
112,000 

980,000 
82,000 

12;25  hours 
3,264,000 
3,124,000 
3,064,000 
3,316,000 


3-5  hours 
4,024 
4,996 

37,312 
2,336 

7-75  hours 
428,000 
336,000 

1,972,(XX) 
284,000 

28  hours 
1,716,000 
l,708,fKKJ 
1,564,0(X) 
1,604,000 


Hours 
Numbers 


3.000.000 


2.000,000 


1.000,000 


0 


ip    o    o   o    >p 

(>J     CO     cc     -^     "^ 


6c 


o 


o 


T 1 1 1 1 1 r 


T 1 1 1 r 


J • ' 


Chart  25.  Showing  the  results  of  adding  small  numbers  of  cocci  to  growing  cultures  in  tiil)e  B 
after  0-5  hour  and  to  tube  C  after  4-5  hours,  and  larger  numWrs  to  tube  D  after  0-5  hour's 
incubation  at  37°  C,  as  compared  with  the  control  tube  A. 
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It  will  be  seen  that  in  tube  Z),  to  which  a  large  number  of  cocci  were  added 
within  the  lag  period,  the  increase  in  numbers  was  most  rapid.  Little  ditierence 
in  the  rate  of  growth  in  the  other  three  tubes,  the  control  A,  and  the  tubes  B 
and  C,  to  which  small  numbers  were  added,  could  be  detected.  The  experiment 
seems  to  indicate  that  while  the  addition  of  small  immbers  has  an  inappreciable 
influence  on  the  numbers  present  at  any  period  of  growth,  the  addition  of 
a  large  number,  at  any  rate  within  the  lag  period,  exerts  a  considerable 
influence. 

Exy.  4.  In  this  experiment  three  tubes,  containing  a  medmm  of  the  same 
composition  as  in  Exp.  3,  were  employed,  and  a  large  number  of  cocci  added 
to  tube  B  0-75  hour,  and  to  tube  C  4  hours  after  the  commencement  of 
incubation. 


Tube 

Count  before 
incubation 

0-75  hour 

Cocci  added 
0-75  hour 

3  hours 

4  hours 

Cocci  added 
4  hours 

A 
B 
C 

1504 
1568 
1512 

1372 
1696 
1536 

27,872 

2,592 

30,656 

2,632 

18,400 

307,200 

20,200 

9212 

5  hours 

6  hours 

8  hours 

9  hours 

10  hours 

11  hours 

A 
£ 
C 

35,200 

1,008,000 

45,600 

138,000 

2,076,000 

164,800 

604,000 
3,992,000 
1,348,000 

1,320,000 
4,928,000 
3,528,000 

3,992,000 
5,380,000 
4,800,000 

4,868,000 
5,496,000 
5,252,000 

12  hours 

13  hours 

14  hours 

27  hours 

52  hours 

A 
B 

C 

5,212,000 
5,600,000 
5,480,000 

5,386,000 
5,624,000 
5,420,000 

5,396,000 
5,424,000 
5,312,000 

928,000 

1,008,000 

882,000 

432,000 
536,000 
480,000 

Hours 

3    4    f)    6         8 

9 

10  11  12  13  14 

27 

Numbers 

1     1     1     1           1 

1     1     1     1     1 

1 

5.000,000 

- 

■>/^      \. 

- 

4,000.000 

/ 
/ 

■7/ 

- 

3.000.000 

/' 

b/  c 

I 

^^-^ 

^^Sv 

2.000,000 

/            / 

"  vs%.. 

1,000,000 

/ 

\- 

0 

-^"^^     A^^^^^r          1 

L        1          1          1          1 

1 

Chart  26.  Showing  the  results  of  adding  large  numbers  of  cocci  to  growing  cultures  in  tube  B 
after  075  hour's  and  in  tube  C  after  4  hours'  incubation  at  37°  C,  as  compared  with  the 
control  tube  A. 


It  will  be  seen  that  in  both  B  and  C  the  numbers  rose  more  rapidly  than 
in  the  control  tube  A,  showing  that  the  addition  of  large  numbers,  at  least 
within  the  first  few  hours  of  incubation,  accelerates  the  rise  in  numbers. 
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Section  XVIII.    The  (llslrlhuh'oit  o/ S.  aiinniH  in  nir<il  extract  cultures. 

Tlic  «'.\|)(Miin(Mits  (l('sciil)r(l  in  tliis  Hcclion  were  undertaken  in  ordoT  to 
jiscortain  iouljIiIn-  (lie  (list  rihul  ion  of  S.  (iiircus  in  m(;at  (extract  cultures  after 
\arious  pniods  of  in(iil)a1ion  at  .')?  ('.  Lar^ci  tuf)e8  containin;^'  meat  extract 
2  C.C.,  NjXO  soda.  O-Krc.c.  and  distilled  water  7-84  c.c.  were  employed.  The 
strain  of  S.  (utrcifs  used  had  been  isolattui  freshly  from  ])us. 

(./)  In  one  series  the  cultures  were  shaken  once  daily,  as  in  most  of  tlie 
experiments  described  in  this  paper.  Two  sam[)les  were  taken  daily  with  a 
small  pi])ette,  containin<^  ()-()l  c.c.  up  to  a  diamond  mark,  the  first  from  tin; 
u})per  part  of  the  culture  with  as  little  disturbance  as  posaibh;,  and  the  second 
after  thorough  shaking.  After  dilution  subcultures  were  made  in  the  usual 
manner. 

Immediately 

after 
inoculation  44  hours  47  hours  70  hours  94  hours  118  hours 

Before  shaking         OIG         8,112,000       10,210,000         9,408,000         8,010,000         .'5,744,000 

After  shaking  —  9,000,000       12,410,000       10,810,000         9,r>04,000         7,424,000 

142  hours       166  hours     190  hours     214  hours 
2,576,000         856,000         322,000         170,000 
3,112,000         976,000         405,000         215,000 

It  will  be  seen  that  24  hours  after  each  shaking  about  15  per  cent,  of  the 
living  organisms  had  fallen  towards  the  bottom  of  the  tube,  the  majority  of 
them  probably  forming  the  deposit. 

(B)  In  another  series  of  experiments  the  cultures  were  left  undisturbed  in 
the  incubator  until  the  time  of  examination. 

Six  tubes  inoculated  at  the  same  time  and  incubated  at  37°  C.  were  em- 
ployed. Samples  from  the  upper  part  of  the  first  culture  tube  before  and  after 
shaking  were  examined  after  18  hours'  incubation,  from  the  second,  third, 
fourth-  fifth  and  sixth  tubes  after  2,  3,  4,  5  and  6  days'  incubation  respectively. 

^   Tube  I 


After  Tube  II        Tube  III       Tube  IV         Tube  V         Tube  VI 

inocula- 
tion      18  hours        48  hours        72  hours        90  hours        120  hours      144  hours 

Before  shaking      584      7,680,000      8,156,000      7,792,000      7,208,000      2,416,000       1,680,000 
After  shaking  —       8,880  000     10,736,000     10,976,000      8,992,000      3,132,000      2,080,000 

It  will  be  seen  that  after  48  hours'  incubation  about  25  per  cent,  of  the 
hving  organisms  had  fallen  to  the  bottom,  but  that  subsequently  the  propor- 
tion at  the  bottom  remained  about  the  same. 

(C)  Effects  of  centrifugalisation.  Cultures  consistin^r  of  meiit  extract  1  c.c, 
N/IO  soda  0-08  c.c.  and  water  3-92  c.c.  were  prepared  in  centrifu«ral  tubes. 
After  22  hours'  incubation  at  37°  C.  a  sample  was  taken  from  the  upi)er  part  of 
a  culture,  the  tube  centrifugahsed  for  one  hour,  and  another  sample  taken 
from  the  top.  The  first  sample  showed  7,904,()()0  colonies,  and  the  second 
125,000  colonies,  indicating  that  98-5  pur  cent,  of  the  organisms  occurring 
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near  the  surface  had  been  driven  down.  The  upper  3  c.c.  of  the  fluid,  which 
were  quite  clear,  were  pipetted  off,  and  again  incubated  for  25  hours.  Sub- 
cultures from  the  top  before  shaking  showed  6,848,000  colonies,  and  after 
shaking  8,176,000  colonies.  The  cocci  remaining  in  the  upper  layers  therefore 
multiplied  in  the  same  manner  as  cocci  inoculated  into  fresh  medium,  and 
about  16  per  cent,  settled  to  the  bottom.  * 

Another  culture  incubated  for  48  hours  was  centrifugalised  for  3  hours. 
Before  centrifugalisation  subcultures  from  the  top  showed  11,232,000  colonies, 
and  after,  when  the  fluid  was  clear,  2344  colonies,  or  a  reduction  of  99-98  per 
cent.  The  upper  3  c.c.  were  pipetted  off  and  incubated  for  24  hours  at  37°  C. 
Before  shaking  the  top  showed  706,000  colonies,  and  after  shaking  768,000 
colonies. 


Section  XIX.    Meat  extract  and  pancreas  extract  compared  as  media. 

In  order  to  ascertain  whether  the  mode  of  preparation  of  the  extract 
influences  the  rate  of  growth  of  the  organisms  six  equal  portions  from  one 
heart  were  weighed  out,  ground  up  with  sterile  sand  and  triturated  with 
2-5  c.c.  of  distilled  water  to  each  gramme  of  meat.  Six  portions  of  bullock's 
pancreas  were  prepared  in  the  same  way.  The  heart  preparations  were  labelled 
^  1,  2,  3,  4,  5,  6  and  the  pancreas  preparations  P  1,  2,  3,  4,  5,  6,  and  were 
treated  in  the  following  manner. 

//  1  and   P  1.    Boiled  immediately  after  preparation  for  10  minutes,  boiled  next  day,  filtered 
through  filter  paper  and  again  boiled. 

//  2  and  P  2.     Autoclaved  immediately  after  preparation  for  20  minutes,  filtered  next  day,  and 
again  autoclaved. 

H  3  and  PS.     2  per  cent,  chloroform  added  and  incubated  for  24  hours  at  37°  C,  boiled  and 
filtered  and  again  boiled. 

H  4  and  P  4.     2  per  cent,  chloroform  added  and  incubated  for  24  hours  at  37°  C,  autoclaved 
and  filtered  and  again  autoclaved. 

H  5  and  P  5.     Incubated  for  24  hours  at  37°  C.  without  chloroform,  boiled  and  filtered  and 
again  boiled. 

H  6  and  P  6.     Incubated  for  24  hours  at  37°  C.  without  chloroform,  autoclaved  and  filtered  and 
again  autoclaved. 

In  the  preparations  labelled  H  I),  6  and  P  5,  6  putrefactive  organisms  had 
grown,  and  before  sterilisation  the  preparations  were  turbid  and  foul  smelling. 

From  each  extract  two  tubes  were  prepared,  in  one  the  extract  was  diluted 
with  distilled  water  {e.g.  H  1)  and  in  the  other  neutralised  to  neutral  red 
with  iV/10  soda  and  diluted  (e.g.  H  I  a).  The  composition  of  these  tubes  is 
given  in  the  following  table.  It  will  be  noticed  that  the  pancreas  extract 
when  incubated  for  24  hours  at  37°  C,  whether  with  or  without  chloroform, 
requires  a  relatively  large  quantity  of  soda  to  neutralise  it. 

Two  such  sets  of  media  were  prepared;  one  was  inoculated  in  the  usual 
manner  with  aS.  aureus  and  the  other  with  B.  coli. 
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Meat  DislilltMl  I'aiicn^aH  DiHtilled 

oxlracJ  A'/IO  soda  water  (jxtraot  N/IO  soda  water 

//  I  I  Oc.r.  {)  !•()  /'  I  lOc.o.  0  1-0 

I  A  I  (»  ()().")  0-95  I  A  M)  00')  0-95 

11-2  1  ()  0  lO  J' 2  10  0  10 

L*  \  !(>  O-Of)  OOf)  2  a  10  OO;")  005 

// .'{  lO  0  1-0  /'.■{  1  ()  0  10 

:1a  1()  0075  0-925  !{  a  1-0  0-25  0-75 

//I  1  (>  0  lO  /M  10  0  1-0 

I  A  1-0  01  0<)  4a  10  U'.iir,  {HVI'} 

II  h  10  0  lO  p-y  10  0  lO 

5  a  10  0  1  Oi)  5  A  lO  0-225  0-775 

//(;  10  0  10  Pr>  10  o  lo 

(I  A  10  0125  0-875  Oa  10  0-35  0-G5 

Except  in  the  modified  form  quoted  later  (j).  105),  these  experiments 
have  not  been  repeated  and  therefore  too  much  stress  cannot  be  laid  on  them, 
but  attention  may  be  called  to  the  following  points. 

Meat  extract.  There  is  no  appreciable  difference  between  the  results  obtained 
with  fresh  meat  extract  sterilised  by  boiling  (^1,  1a)  and  by  autoclaving 
(H  2,  2  a).  The  curve  is  higher  and  more  prolonged  w^ith  meat  extract  incubated 
with  chloroform  and  sterilised  by  boiling  (H  3,  3  a),  the  unneutralised  sample 
(^3)  showing  a  curve  like  that  produced  when  small  quantities  of  N/K) 
hydrochloric  acid  have  been  added  to  fresh  meat  extract.  In  the  samples 
of  meat  extract  incubated  with  chloroform,  and  sterilised  by  autoclaving 
(H  4,  4  a)  the  neutralised  specimen  (H  4  a)  produces  a  curve  similar  to  H  3  a, 
but  in  the  unneutralised  specimen  (H  4)  the  curve  though  prolonged  is 
relatively  low.  In  the  samples  incubated  without  chloroform  and  sterilised 
by  boiling  {H  5,  5  a)  the  curves  resemble  those  produced  with  fresh  extract, 
but  the  maximum  growth  in  the  whole  series  was  obtained  with  similar 
samples  sterilised  by  autoclaving  {H  6,  6  a).  In  the  two  samples  incubated 
without  chloroform  grow^th  of  putrefactive  organisms  had  occurred. 

Pancreas  extract.  Growth  was  considerably  greater  in  the  sample  of 
fresh  pancreas  extract  sterilised  by  autoclaving  (P  2,  2  a)  than  in  the  sample 
sterilised  by  boiling  (P  1,  1  a).  By  far  the  greatest  multiplication  took  place 
in  the  unneutralised  specimen  of  extract  incubated  with  chloroform  and 
sterilised  by  boiling  (P  3),  but  in  the  neutralised  specimen  of  the  same  sample 
it  was  not  so  great.  In  the  samples  incubated  with  chloroform  and  sterilised 
by  autoclaving  (P  4,  4  a)  the  results  most  closely  resemble  those  obtained  with 
fresh  autoclaved  samples  (P  2,  2  a).  It  is  of  interest  to  note  that  multiplication 
was  very  slight  during  the  first  day  in  the  neutralised  specimen  (P  4  a).  The 
least  growth  in  this  series  was  obtained  with  samples  incubated  without 
chloroform  (P  5,  5  a,  0,  6  a). 

It  is  evident  that  under  all  the  conditions  of  these  experiments,  except 
those  in  which  putrefactive  organisms  had  grown  (// 5,  6,  P  5,  6),  pancreas 
extract  is  a  much  better  medium  for  the  growth  of  Staphylococci  than  meat 
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extract.  The  i.ifc  of  L'mwtli  was  ^ri;atoHf  in  uniicutraliHod  pancreas  extract 
inruhatcd  with  chloroloiin  aiid  sterilised  by  hoiliii;^'  (/^•>).  On  tlui  other  hand, 
ail  iidiil)iti(m  of  iMult  iplication  for  thcdirst  1^  1  hours  took  ])hice  in  the  neutralised 
s])(»ciineii  incuhated  with  (ddoroforni  and  stc^riliscd  by  autoclaving  (P  A  a). 
Further  investigations  on  this  subject  are  being  carried  on. 


Days 
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Chart  27.  Showing  the  rate  of  multiplication  of  S.  aurexia  in  samples  of  meat  extract  (H)  and 
pancreas  extract  (P)  prepared  in  different  ways.  The  continuous  line  indicates  unneutralised 
and  the  broken  line  neutralised  samples. 

In  spite  of  great  reduction  in  the  quantity  of  the  fluid  in  each  tube  by 
the  removal  of  samples  and  evaporation,  in  all  cases  the  organisms  were  alive 
on  the  37th  day. 

In  many  features  the  results  with  B.  coli  closely  resemble  those  with 
Staphylococci. 

Meat  extract.  With  fresh  meat  extract  the  curves  are  similar  whether 
sterilisation  was  by  boilin^r  (//I,  1  a)  or  by  autoclaving  (//  2,  2  a).  Meat 
extract  incubated  with  cldoroforni  and  boiled  (//  3)  pivos  a  moderately 
high  figure  with  less  of  the  delay  noticed  in  the  cultures  sown  with  Staphfjlo- 
cocci.    Extract  incubated  with  chloroform  and  autoclaved  (H  4,  4  a)  gives 
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ow  fi<^in('s  with,  in  tlic  case  of  llir  imiiciil  lalJHc.d  HJiMiplc  (// 4),  considerable 
delay  in  reaching'  tlui  niaxiimiiii.  (iood  ^nowtliH  were  o})taiiied  in  tlie  sarnplcH 
(//  5,  (J)  in  wliicli  ])u<refactiv(^  or^^'anisniH  had  ^rown.  Pdricrcas  extract.  B.  coli 
grows  belter  in  fresh  ])an('rens  extract  than  in  meat  extract,  and  better  in 
the  aiitoelaved  {P  "2)  than  in  tlie  boiled  sample  (PI).  Pancreas  extract 
incubated  witli  chlorofonii  and  boiled  (/' '5)  gives  the  most  rapid  growth 
of  the  whole  series,  but  growth  in  the  autoclaved  8ami)l(5  {Pi)  is  not  better 


Days 

NmiilnTs 

in.nno.ooo 
5,()()0,0(M) 


20,000.000 

15,000,000 

10,000,000 

5.000,000 

0 

Chart  28.  Showing  the  rate  of  multiplication  of  B.  coli  in  samples  of  meat  extract  (//)  and  pancreas 
extract  (P)  prepared  in  different  ways.  The  continuous  line  indicates  unneutraUsed  and  the 
broken  line  neutralised  samples. 

than  in  the  fresh  extract.  In  the  neutralised  specimen  (P  4  a)  no  early 
inhibition,  such  as  occurred  with  Stajjhylococci,  took  place;  in  fact  very  rapid 
early  growth  occurred.  Multiplication  w^as  comparatively  very  small  in  the 
samples  (P  5,  6)  in  which  putrefactive  organisms  had  grown. 

As  in  the  case  of  S.  aureus  unneutralised  pancreas  extract  incubated  with 
chloroform  and  boiled  (P  3)  is  the  medium  w^hich  gives  the  most  rapid  growth, 
but  in  the  case  of  B.  coli  its  superiority  over  pancreas  extracts  treated  in 
other  ways  is  not  so  marked. 


Section  XX.    Further  experiments  with  media  made  from  incubated 

ox  ^pancreas. 

To  100  grms.  of  fresh,  finely  minced  ox  pancreas  250  c.c.  of  distilled  water 
and  5  c.c.  of  chloroform  w^ere  added,  and  the  mixture  incubated  for  24  hours 
at  37°  C.  After  thorough  shaking  the  contents  of  the  flask  were  divided  into 
two  portions.  One  portion,  P  3,  was  steamed  for  20  minutes,  filtered,  and  the 
filtrate  boiled.  The  other  portion,  P  4,  was  autoclaved,  filtered  and  the 
filtrate  again  autoclaved.  10  c.c.  of  the  former  required  3-0  c.c.  of  A7IO  soda, 
and  10  c.c.  of  the  latter  3-2  c.c.  A^/10  soda  to  bring  the  reaction  to  the  neutral 
point  of  neutral  red. 


\m 


Bacteria  hi  Fluid  Cult  turn 


From  each  mediuni  a  series  of  tubes  coMtaiuing  different  quantities  of 
N/IO  soda  and  of  distilled  water  were  prepared. 


Distilled 

Distilled 

PS    N/W  soda 

water 

P4 

iV/10  soda 

water 

A 

1      0 

4 

A 

0 

4 

B 

1      01 

3-9 

B 

01 

3-9 

C 

1      0-2 

3-8 

C 

0-2 

3-8 

D 

1      0-3 

3-7 

D 

0-3 

3-7 

E 

1      0-4 

3-6 

E 

0-4 

3-6 

F 

1      0-5 

3-5 

F 

0-5 

3-5 

Each  tube  was  inoculated  with  a  drop  of  an  emulsion  in  distilled  water 
of  S.  aureus  recently  isolated  from  pus.  The  cultures  were  incubated  at  37°  C, 
plates  prepared  daily,  and  the  colonies  counted  in  the  usual  manner. 

It  will  be  noticed  that  the  dilution  of  the  pancreas  extract  is  greater  than 
in  the  experiments  quoted  in  the  last  section. 


4  hours 

24  hours 

48  hours 

3  days 

4  days 

P3  .4 

39,712 

29,644,000 

43,328,000 

42,048,000 

31,498,000 

B 

16,032 

26,624,000 

42,528,000 

41,334,000 

35,904,000 

C 

4,592 

25,376,000 

40,320,000 

39,712,000 

33,472,000 

D 

2,112 

22,880,000 

41,608,000 

41,728,000 

37,120,000 

E 

1,968 

5,136 

19,328,000 

35,904,000 

38,464,000 

F 

1,024 

3,696 

317,000 

12,576,000 

15,056,000 

5  days 

7  days 

9  days 

11  days 

14  days 

P3  A 

28,864,000 

15,296,000 

9,536,000 

3,936,000 

2,480,000 

B 

26,048,000 

18,048,000 

11,008,000 

6,144,000 

4,608,000 

C 

23,744,000 

19,752,000 

15,040,000 

7,832,000 

6,048,000 

D 

35,520,000 

21,638,000 

16,512,000 

7,104,000 

3,248,000 

E 

40,960,000 

34,432,000 

31,464,000 

24,128,000 

10,656,000 

F 

17,664,000 

14,848,000 

12,480,000 

11,968,000 

5,568,000 

4  hours 

24  hours 

48  hours 

3  days 

4  days 

P4  A 

2296 

10,544,000 

20,800,000 

23,936,000 

26,816,000 

B 

1896 

11,184,000 

33,952,000 

37,616,000 

40,576,000 

C 

1480 

134,000 

27,392,000 

32,256,000 

37,192,000 

D 

1592 

506 

100,500 

20,288,000 

28,192,000 

E 

1432 

10 

1 

0 

0 

F 

1296 

8 

0 

0 

0 

• 

5  days 

7  days 

9  days 

11  days 

14  days 

P4  A 

30,784,000 

21,642,000 

16,512,000 

13,696,000 

6,752,000 

B 

43,072,000 

32,832,000 

25,728,000 

19,072,000 

12,715,000 

C 

40,064,000 

34,600,000 

25,088,000 

16,960,000 

9,472,000 

D 

34,652,000 

32,320,000 

24,384,000 

19,264,000 

8,672,000 

E 

0 

0 

0 

0 

0 

F 

0 

0 

0 

0 

0 

Cultures  were  made  from  the  tubes  immediately  after  inoculation  and  the 


mean  number  of  organisms  found  was  1520. 


Though  during  the  first  few  hours  multiplication  was  greatest  in  the 
earlier  specimens  in  the  P  3  series  after  24  hours'  cultivation  there  was  little 
difference  between  the  results  in  P  3  A,  B  and  C,  and  in  Chart  29  the  con- 


(».  S.  (fKAIIAM-SMITII 


11)7 


iiiiiioiis  line,  ,/•,  represents  1  he  daily  iiicaii  ol  I  licsc  (hrc'i*  ciilturL'S.  TIk;  iiuiiibcrs 
ill  /' .■;  I)  fell  iiiorr  slow  ly  (lniiii<:  tin-  ca  rlici- stages  of  the  (l(*cliiH\  In  P^E^ 
which  was  sli«,ditly  alkaline,  iniil(ij)licat  ion  uassh)W  during'  the  first  lM  hours, 
and  the  inaxinmni  was  not  attained  nntil  the  fifth  dav.  In  J' .'>  F  multiplica- 
tion was  \-ery  slow  dniin^  the.  (irst  Ihi  hours  and  a  idatively  low  niaxinmni 
was  reached  ahont  the  lilth  day. 

Days 

Numbers 
40,000,000 


30,000.000 


20.000.000 


10,000,000 


Chart  29.  Showing  on  the  left  the  results  of  growing  cocci  in  P  3  medium.  The  line  x  represents 
the  mean  of  the  three  cultures  A,  B,  C  in  which  the  reaction  was  acid.  In  D  the  reaction 
was  neutral  and  in  E  and  F  slightly  alkaline.  On  the  right  are  shown  the  results  of  gro\\ing 
cocci  in  P  4  medium.  A  was  distinctly  acid,  B  less  acid  and  C  still  less  acid.  D  was  nearly 
neutraL 

In  the  P  4  series  multiplication  took  place  in  the  first  four  tubes,  J,  B,  C 
and  D,  only,  and  all  reached  their  maximum  about  the  fifth  day,  the  highest 
figures  being  attained  in  cultures  B  and  C.  In  P  {  C  multiplication  was  very 
slow  during  the  first  24  hours,  and  in  P  4  Z)  during  the  first  48  hours.  In  the 
alkaline  cultures  P  i  E  and  F  no  multiplication  occurred,  and  the  organisms 
soon  died. 

In  both  these  media  Staphylococci  multiply  to  an  extraordinary  extent 
provided  that  the  quantity  of  soda  added  is  not  sufficient  to  bring  the  reaction 
beyond  the  neutral  point  of  neutral  red. 


Section  XXI.    The  effects  of  accidental  contamitmtion. 

Though  experiments  in  which  accidental  contamination  occurred  were 
soon  abandoned  some  features  worthy  of  record  wore  observed.  When  cultures 
of  S.  aureus  became  contaminated  with  certain  aerobic,  spore-bearing  bacilli 
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a  sudden  and  unexpected  decrease  in  the  numbers  of  the  cocci  was  noticed, 
even  when  the  contaniinatin<j;  organisms  were  so  few  as  to  produce  hut  one 
or  two  colonies  on  the  agar  subcultures.  On  the  otlier  hand  on  one  occasion 
a  great  and  unexpected  increase  in  the  numbers  of  coccus  colonies  was 
observed  when  the  culture  became  contaminated  with  a  small,  diphtheroid 
bacillus.  Instances  have  occurred  in  which  the  growth  of  a  streptothrix  or 
a  mould  did  not  appear  to  exert  any  influence  on  the  growth  of  the  cocci.  It 
is  evident,  therefore,  that  the  introduction  into  the  medium  of  an  organism 
of  a  different  species  may  exert  a  great  influence  on  the  growth  of  S.  aureus. 

The  bearing  of  these  Experiments  on  some^f  the  Phenomena 

OBSERVED  in  INFECTIVE  DISEASES. 

It  has  been  suggested  by  Penfold  (1914)  that  the  "incubation  period  of 
infectious  diseases  may  partly  depend  for  its  existence  on  bacterial  lag."  Some 
of  the  experiments  described  in  this  paper  suggest  the  possibility  that  certain 
of  the  phenomena  observed  in  connection  with  infective  diseases  depend,  at 
least  to  some  extent,  on  the  available  supply  of  food  for  the  organisms. 

It  is  evident  that  pathogenic  bacteria  living  in  the  body  cannot  multiply 
without  food,  and  that  this  food  must  in  most  cases  be  derived  from  the 
tissues.  Though  several  facto'rs  doubtless  operate  in  checking  the  multiplica- 
tion of  bacteria  after  they  have  gained  entrance  into  the  body  their  capacity 
to  multiply  must  depend  on  their  ability  to  procure  food. 

If  the  food  is  derived  directly  from  healthy,  living  tissue,  the  supply  is 
almost  unlimited,  but  if  it  is  a  breakdown  product  then  possibly  the  enzymes  of 
the  injured  tissue  as  well  as  the  enzymes  of  the  bacteria  play  a  part  in  its  manu- 
facture, and  food  in  sufficient  quantities  to  keep  up  a  high  rate  of  multiplica- 
tion fails,  unless  the  agents  concerned  in  its  production  are  acting  efficiently. 
In  a  localised  suppuration  a  variation  in  reaction  or  other  result  of  local 
changes  may  produce  conditions  such  as  to  inhibit  partially  the  action  of 
the  enzymes. 

Speculations  such  as  these  are  suggested  by  certain  resemblances  between 
some  of  the  phenomena  observed  in  infective  diseases  and  events  in  cultures. 

(1)  In  disease  an  incubation  period  of  longer  or  shorter  duration  invariably 
occurs.  Its  length  probably  depends  on  the  virulence  of  the  organisms  and 
the  size  of  the  initial  dose.  In  cultures  the  "lag"  (or  incubation  period)  can 
be  abolished  by  using  for  inoculation  rapidly  multiplying  organisms  accus- 
tomed to  the  medium.  In  diseases  associated  with  certain  classes  of  organisms 
the  incubation  period  may  be  greatly  reduced  experimentally  by  repeatedly 
passing  the  organism  through  the  same  species  of  animal.  By  this  means  the 
organism  becomes  accustomed  to  the  medium  (animal  body)  and  its  virulence, 
or  capacity  to  grow  in  the  tissues,  is  increased.  In  cultures,  if  the  medium  is 
not  very  suitable,  many  of  the  organisms  die  and  a  large  inoculation  is  required 
to  ensure  grow^th.  The  form  of  the  curve  of  grow^th  depends  to  some  extent 
on  the  numbers  introduced  (Section  IV)  and  their  source  (Sections  II,  XIII). 


(J.  S.  (iRAIIAM-S.MITII  100 

Ex])i'riiiu'ntiillv  ill  ;i.iiim;ils  ;i,  dose  of  a  (•(iiLjiiii  si/c  is  icijuinMl,  unless  llie 
()r«,Mnisiii  is  hi<4lily  viiulfiil,  in  order  to  secure  iliv  [^roduetiou  of  disiiUHe,  and 
the  course  of  tlie  result  in;z  disease  d('|  tends  to  some  extent  on  the  size  of  thci  dose. 
{'2)  In  diplit  lieiia  (lie  hacilli  ui'ow  inL,'  in  the  tonsillar  cry})tH  may  be  compared 
to  or«,'anisms  ^ro\viu«^  in  test-tuhes,  ;ind  the  nnnihers  present  at  any  time  on 
the  surface  of  the  tonsils  cjmi  he  estimated  rouirhly.  Iia])id  mult  iplie;«l  ion 
of  di])htheiia  hacilli  occurs  after  the  incuhatiou  ])erio(l  and  for  a  lou^'cr  or 
shoiter  time  very  ^'reat  numbers  ar(^  ])resent.  Subsetpiently  the  numbers 
decline  until  a  low  level  has  been  rc^ached.  in  carriers,  who  show  few  or  no 
sym])t()ms,  the  same  ])henomenon  occurs,  so  that  the  ])roc('ss  is  independent 
of  susceptibility  or  immunity  to  the  toxins.  The  normal  course  of  events  in 
meat  extract  cultures  is  similar. 

(3)  The  low  level  just  mentioned  often  persists  with  slif.'lit  variations  for 
weeks  or  even  months  in  diphtheria  convalescents  and  carriers,  and  in  the  same 
manner  small  numbers  of  organisms  remain  alive  in  cultures  and  apparently 
exhibit  slight  oscillations  in  numbers.  It  often  hay)pens  that  one  or  more 
negative  cultures  from  the  tonsils  are  followed  by  positive  cultures  and  this 
may  happen  on  several  occasions  before  the  three  consecutive  negative 
cultures  required  for  release  are  recorded. 

(4)  In  typhoid,  diphtheria  and  other  carriers  relapses  occasionally  occur, 
when  the  specific  organisms  again  become  numerous.  These  relapses  are  often 
preceded  by  slight  deviations  from  normal  health,  in  which  catarrh  is  a 
prominent  feature.  These  ailments  which  are  often  associated  at  the  sites 
of  infection  with  local  changes,  possibly  resulting  in  an  increase  of  material 
available  as  food  to  the  specific  organisms,  appear  to  be  due  to  intercurrent 
infections. 

In  cultures  temporary  multiplication  may  be  induced  by  occasional  small 
additions  of  food  material. 

(5)  While  some  intercurrent  infections  appear  to  cause  multiplication  of 
the  diphtheria  bacilli  in  the  tonsils  of  carriers,  others,  such  as  those  associated 
with  streptococci,  may  apparently  cause  their  extermination.  In  cultures 
some  accidental  contaminations  produce  similar  effects. 

(6)  Regular  small  additions  of  food  material  to  cultures  result  in  a  high 
level  being  mamtained  or,  if  the  additions  are  not  sufficiently  large,  in  the  rate 
of  decline  being  very  slow.  In  some  carriers  large  numbers  of  diphtheria  bacilli 
persist  for  very  long  periods  of  time  in  the  throat  or  nose,  and  perhaps  in 
them  there  exist  circumstances  producing  analogous  results.  Shearer  (1917) 
showed  that  in  nasal  secretion  "there  is  present  some  body,  which  greatly 
accelerates  the  growth  of  meningococcus  on  artificial  culture  medium,  and 
Kligler  (1919)  investigated  "saline  washings  of  the  nose  of  a})])arently  healthy 
individuals."  He  states  that  "there  were  marked  individual  and  specific 
differences.  A  given  organism  grew  in  the  washings  of  one  individual  and 
not  in  those  of  another.  Evidently  the  nasal  secretions  of  some  individuals 
contain  substances,  which  actively  stimulate  growth." 

13—2 
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(7)  It  is  not  iiHConimoii  to  observe  in  both  mild  clinical  cases  and  cairiors 
a  sudden  fall  from  great  numbers  ending  in  the  rapid  disappearance  of  the 
diphtheria  bacilli  from  the  surface  of  the  tonsils.  In  cultures,  if  the  number 
of  organisms  inoculated  is  relatively  large,  the  maximum  is  soon  reached  and 
the  decline  in  numbers  is  very  rapid  owing  to  the  speedy  exhaustion  of  the  food 
supi)ly.  The  surprisingly  rapid  disappearance  of  the  bacilli  in  the  class  of  case 
mentioned  may  be  due  partly  to  the  rapid  exliaustion  of  the  available  food 
in  the  tonsillar  crypts. 

(8)  The  sequence  of  events  in  two  individuals  apparently  infected  from 
the  same  source  may  be  very  diii'erent.  Whereas  in  one  the  symptoms  may 
reach  their  full  height  in  a  few  days,  in  the  other  the  incubation  period  may 
be  longer  and  the  symptoms  may  not  reach  their  height  for  several  days. 
Presumably  in  the  latter  the  early  free  multiplication  of  the  organisms  has 
been  checked.  Similar  phenomena  are  noticed  when  equal  doses  of  organisms 
are  inoculated  into  neutral  and  slightly  acid  meat  extract  cultures. 

(9)  The  acclimatisation  experiments  illustrate  in  cultures  the  phenomenon 
observed  in  streptococci  of  increase  of  virulence  or  capacity  to  grow  in  one 
species  of  animal  (acid  medium)  simultaneously  with  loss  of  virulence  for 
another  species  (alkaline  medium). 

Experiments  on  local  immunity  such  as  those  carried  out  by  Cobbett  and 
Melsome  (1896)  on  the  ears  of  rabbits  with  SfreptococcKs  erysipelatus  might 
decide  to  what  extent  the  exhaustion  of  food  supply  is  a  factor  in  conferring 
temporary  local  immunity.  These  workers  showed  that  "an  absolute  local  im- 
munity had  been  conferred  upon  the  parts  directly  affected  by  the  first  attack, 
unless  the  interval  had  been  long  enough  to  permit  of  the  entire  disappearance 
of  all  inflammatory  thickening."  On  second  inoculation  they  "could  get  no 
evidence  of  the  invasion  of  these  ears  by  streptococci."  Transitory  inflamma- 
tion could,  however,  be  produced  by  the  inoculation  of  killed  cocci  or  their 
poisonous  products,  showing  that  local  resistance  to  the  organisms  is  in- 
dependent of  local  resistance  to  their  toxins. 

The  speculations  contained  in  this  paragraph  suggested  themselves  from 
time  to  time  during  the  course  of  the  work,  but  no  attempt  was  made  to 
prove  them  by  animal  experiments.  Should  they  stimulate  further  research 
on  the  factors  influencing  the  increase  and  decline  in  numbers  of  pathogenic 
bacteria  in  the  tissues  they  will  have  fulfilled  their  purpose. 

SUMMARY. 
1.  In  dilute  neutral  meat  extract  cultures  (without  salt  or  peptone) 
inoculated  with  relatively  small  numbers  of  S.  aureus,  taken  from  agar  cultures 
grown  for  18  hours  at  37°  C.  and  incubated  at  37°  C,  multiplication  proceeds 
rapidly  during  the  first  day  and  more  slowly  on  the  second,  when  the  maximum 
number,  about  10,000,000  per  standard  loop  (0-01  c.c),  is  reached.  Later 
the  number  of  living  organisms  decreases  at  first  rapidly ,'but  later  more  slowly, 
until  a  low  level  is  reached,  which  remains  fairly  constant  or  falls  very  slowly 
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foi-  ;i  loiiLT  ]>('ri()(l.  During  1  he  pciiod  of  I'lilativc;  coiiHtancy  .small  oscill.it  ions 
arc  ()I)S(M\  (m|.  The  cuiac  jJiodiiccMl  on  plotting'  out  tin;  daily  counts  may  be 
r('<;ar(li'(l  as  a.  "slaiidaid." 

2.  The  fitMUKuicy  with  which  the  culture,  used  foi'  inoculation  has  })ccn 
trans])laii(cd  on  a«^Mr  slo])cs  iidlucnccs  the  <^rowth  on  neutral  njeat  extract. 
Several  trans])lantat ions  in  ?a]>id  succession  result  in  very  ra])id  growtli,  a 
hi<;h  maxiniuni  and  a.  very  ra])id  fall  in  tin-  nundx^rs.  Less  fnHju(*nt  trans- 
plantation ()vei-  a  lon^'  period  seems  to  cause  the  maxiniuni  to  ]>('.  reached 
later  than  in  the  standard  and  the  period  of  decline  to  he  ])ostponed. 

'\.  I  n  one  series  of  experiments  (Section  III)  the  j)roportion  of  meat  extract 
was  varied  in  the  difTerent  tubes  employed.  These  ex])eriments  sliow  that  the 
greater  the  pro]K)rtion  of  meat  extract  the  greater  is  the  multiplication,  and 
the  lon<j^er  the  period  which  elapses  before  the  curve  reaches  its  iiigliest  ])oint, 
in  fact  the  extent  of  multij)lication  ap])ears  to  be  closely  related  to  the  amount 
of  meat  extract  present  in  the  culture.  The  length  of  the  period  of  rapid  decline 
is  also  related  to  the  amount  of  meat  extract  present. 

4.  The  form  of  the  curve  of  growth  is  influenced  by  the  number  of  cocci 
inoculated.  With  a  small  inoculation  into  dilute  neutral  meat  extract  the 
maximum  number  of  cocci  present  in  the  medium  at  any  period  does  not 
usually  exceed  10  to  12  millions  per  standard  loop.  If  the  initial  dose  greatly 
exceeds  this  figure  multiplication  proceeds  relatively  slowly  for  two  days 
and  subsequently  there  is  a  very  rapid  fall  in  the  numbers.  With  an  initial 
dose  close  to  this  figure  a  somewhat  similar  curve  is  produced,  though  the  rate 
of  fall  is  not  so  rapid.  Much  smaller  doses  produce  "standard"  types  of  curves. 

5.  Provided  the  numbers  inoculated  are  small  (50,000-50  per  drop)  the 
results  after  24  hours'  incubation  in  different  experiments  of  the  same  kind 
are  not  materially  affected. 

6.  If  after  the  numbers  have  reached  a  low  level  small  drops  of  con- 
centrated meat  extract,  insufficient  to  cause  appreciable  dilution,  are  added 
to  the  culture  further  multiplication  occurs,  to  some  extent  proportional  to 
the  amount  of  food  material  added.  The  fall  in  numbers,  which  follows  the 
initial  rise,  is  not  due  therefore  to  the  accumulation  of  ])roducts,  but  seems 
to  be  caused  mainly  by  the  using  up  of  food  material. 

7.  By  small  regular  additions  of  food  material  (concentrated  meat  extract) 
a  definite  concentration  of  Staphjlococci  can  be  maintained  in  a  meat  extract 
medium  for  a  long  period  of  time,  and  probably  by  suitable  additions  any  desired 
concentration  could  be  maintained.  Accumulation  of  the  products  may 
gradually  inhibit  growth,  but  on  this  point  the  experiment  gives  little  evidence. 

8.  Moderate  dilution  with  distilled  water  at  any  stage  of  incubation  has 
little  effect.  Events  occur  in  the  usual  sequence,  but  the  number  of  organisms 
in  each  standard  drop  is  proportional  to  the  dilution. 

9.  The  incubation  tem])erature  has  a  great  influence  on  the  course  of  events 
in  meat  extract  cultures  of  *S.  aureus.  At  :')7^  C.  multiplication  during  the 
first  21  hours  is  very  rapid,  the  maxinnim  is  attained  on  the  second  or  third 
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day,  and  the  numbers  fall  very  rapidly.  At  27°  C.  the  maximum  is  attained 
on  the  fifth  or  sixth  day,  and  is  considerably  greater  than  that  attained  at 
37°  C.  The  fall  is  rapid.  At  17°  C.  multiplication  is  very  slow  during  the  first 
48  hours,  but  is  subsequently  rapid,  and  the  maximum,  which  is  higher  than 
that  attained  at  27°  C,  is  reached  on  the  eighth  day.  The  decline  in  numbers 
is  slow. 

At  8  to  10°  C.  very  slight  multiplication,  if  any,  occurs  during  the  first 
24  hours  and  subsequently  the  numbers  steadily  decline  for  at  least  60  days. 

At  lower  temperatures  the  numbers  fall  rapidly  and  the  cultures  die. 
At  —  1°  C.  the  organisms  were  dead  by  the  19th  day,  at  —  6°  C.  by  the  13th 
day,  and  at  —  10°  C.  by  the  9th  day. 

10.  If  organisms  such  as  S.  aureus,  B.  coli  or  B.  fyocyaneus  are  allowed 
to  grow  in  meat  extract  medium  at  37°  C.  until  the  numbers  have  reached 
a  low  level,  and  the  tubes  are  then  inoculated  with  the  species  originally 
present  little  or  no  multiplication  takes  place,  but  if  one  of  the  other  organisms 
is  inoculated  multiplication  of  the  added  organisms  occurs.  If  the  cultures 
are  sterilised  by  boiling  before  inoculation  with  fresh  organisms  the  original 
strain  or  the  others,  when  added,  multiply.  Boiling,  therefore,  appears  to 
liberate  some  food  for  added  organisms  belonging  to  the  strain  which  was 
originally  present. 

The  growth  of  any  of  these  organisms  in  the  medium  seems  to  remove 
most  of  the  food  for  that  species  as  well  as  a  portion  of  the  food  substance 
used  by  other  species,  since  in  no  case  was  the  growth  of  the  added  species 
nearly  so  considerable  in  extent  as  in  its  primary  cultures. 

11.  The  effect  of  adding  increasing  quantities  of  iV/10  hydrochloric  acid 
up  to  0-3  c.c.  to  each  5  c.c.  of  the  medium  is  to  retard  the  growth  of  the  cocci 
during  the  earlier  stages  of  incubation,  though  subsequently  rapid  growth 
takes  place,  and  a  high  maximum  is  reached.  With  small  inoculations  of  cocci 
the  addition  of  more  than  0-3  c.c.  iV/10  hydrochloric  acid  results  in  the  death 
of  the  organisms  within  a  short  time. 

With  additions  of  iV/10  soda  varying  between  0-4  and  1-2  c.c.  there  seems 
to  be  a  progressive  decrease  in  the  height  reached  by  the  maxima,  the  rate 
of  growth  in  the  early  stages  is  retarded,  and  the  rate  of  decrease  in  numbers 
seems  to  be  retarded.  With  the  addition  of  1-6  or  1-8  c.c.  iV/10  soda  the  rate  of 
growth  in  the  early  stages  is  markedly  retarded.  With  the  addition  of  2-0  c.c. 
iV/10  soda  no  growth  occurs. 

B.  coli  seems  to  be  more  sensitive  than  S.  aureus,  especially  to  the  addition 
of  alkali. 

12.  More  precise  experiments  with  iV/10  hydrochloric  acid  show  that 
with  the  addition  of  increasing  amounts  of  the  acid  the  type  of  curve  gradually 
changes  from  a  "standard"  with  one  peak  to  a  curve  with  tw^o  peaks,  separated 
by  an  interval  in  which  the  numbers  are  small. 

13.  By  continuous  growth  in  acid,  neutral  and  alkaline  meat  extract  the 
capacity  of  S.  aureus  to  multiply  when  transplanted  into  media  of  different 
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reactions  is  altered.  Wlicn  lraiisfe,rrecl  into  an  acid  nHulium  all  strainH  show 
a  small  prima  i\'  lisc  follow  rd,  after  a  f.ill  in  I  li(Miiiiid)«'rs,  1)V  a  ^reat  secondary 
rise,  in  the  case  of  tlie.  acid  accliniatis(^d  cocci  th(!  scu'.ondary  rise  reached  its 
inaxiinuni  on  the  7th  day,  in  th(^  n(Mitral  acclimatised  cocci  r)n  tin;  l.'Uh  day, 
and  in  the  alkali  acclimatised  cocci  on  tin;  ir>t,h  day.  In  lIkj  nentral  inedinm 
there  is  also  a  primary  and  a  secondary  ris(!,  hnt  the:  former  is  much  j/reater 
than  the  latter,  in  the  ca8(^  of  the  acid  acclimat  isetj  cocci  the  primary  rise 
was  least  in  height  and  duration,  and  in  the  case  of  the  alkali  acclimatised 
cocci  greatest  hot  h  in  lieiLdit  and  diirat  ion.  In  t  he  alkaline  medium  a  primary 
rise  oidy  occurs  and  suhseciuently  the  nundjers  fall  to  a  very  low  level.  The 
rise  was  least  in  the  acid  acclimatised  cocci  and  t^reatest  in  the  alkali  acclima- 
tised cocci. 

In  com])arin<^  these  experiments  with  others  j^reviously  (j noted  it  should 
be  remembered  that  the  organisms  have  been  acclimatised  to  growth  not 
only  in  media  of  diilerent  reactions,  but  also  to  continuous  growth  in  fluid 
meat  extract  medium. 

14.  S.  aureus  can  multiply  to  a  small  extent  in  neutral  gelatin  solution 
(8  per  cent.).  On  a  medium  consisting  of  gelatin  and  meat  extract  the  greatest 
multiplication  takes  place,  much  higher  figures  being  obtained  than  the 
maxima  of  growth  on  gelatin  solution  and  meat  extract  respectively  added 
together.  In  agar  solution  (0-8  per  cent.)  alone  no  multiplication  takes  place, 
and  the  cocci  quickly  die.  In  a  medium  consisting  of  agar  and  meat  extract 
the  maximum  reached  is  lower  than  in  meat  extract,  but  the  decline  in 
numbers  is  slower. 

15.  When  certain  quantities  of  various  acids  are  added  to  warm  meat 
extract  agar  precipitates  are  formed,  though  little  or  no  precipitate  may  be 
produced  by  lesser  or  even  slightly  greater  quantities.  In  some  instances  no 
growth  occurred  in  plates  poured  from  those  tubes  in  which  a  precipitate 
had  formed. 

16.  The  addition  of  glucose  to  the  extent  of  1  per  cent,  to  dilute  meat 
extract  results  in  most  cases  in  S.  aureus  multiplying  rapidly  during  the  first 
day.  Subsequently  the  numbers  decline  and  the  culture  dies.  With  increasing 
quantities  of  glucose  the  maximum  figure  attained  diminishes,  and  the  rate  of 
the  subsequent  fall,  at  least  from  the  second  to  the  fourth  day,  increases. 
Even  with  a  very  small  quantity  of  glucose  the  numbers  begin  to  fall  after 
24  hours'  incubation,  instead  of  rising  as  they  do  in  cultures  without  glucose. 

If  to  cultures  containing  1  per  cent,  glucose  daily  additions  of  small  quanti- 
ties of  concentrated  meat  extract  or  of  concentrated  meat  extract  with  glucose 
are  made  oscillations  in  the  numbere  occur,  but  the  cultures  remain  alive 
and  with  large  additions  multiplication  may  take  place.  The  death  of  the 
organisn)S  is  not  hastened  by  small  daily  additions  of  glucose. 

1  7.  The  addition  at  different  times  of  small  numbers  of  the  cocci  to  growing 
cultures  of  S.  aureus  has  no  appreciable  influence,  but  the  addition  of  large 
numbers  exerts  a  considerable  influence. 
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18.  In  meat  extract  cultures  of  ^S.  aureus  incubated  at  37°  C.  about 
15  per  cent,  of  the  living  organisms  sink  to  the  bottom  after  each  daily  shaking. 
If  the  tubes  are  left  undisturbed  about  25  per  cent,  sink  to  the  bottom. 

19.  Meat  extract  incubated  with  chloroform  for  24  hours  at  37°  C.  and 
sterilised  by  boiling  seems  to  be  a  slightly  better  medium  than  fresh  meat 
extract  sterilised  by  boiling  or  autoclaving  immediately  after  preparation. 
Pancreas  extract  is  a  better  medium  than  meat  extract.  The  multiplication 
of  cocci  is  greatest  in  pancreas  extract  incubated  with  chloroform  for  24  hours 
at  37°  C.  and  sterilised  by  boiling. 

20.  Organisms  accidentally  contaminating  cultures  of  S.  aureus  may 
cause,  according  to  their  species,  a  sudden  decline  or  a  rapid  increase  in  the 
number  of  the  cocci. 
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THE  rONVKRSION  OF  ATH  INTO  A  LETIfAL  MTX- 
TVWK  OF  (J ASKS   BY  SIOKAC^E  OE  TOP.ACCO  AND 

oiMiKH  vi^:(;ktahle  substances. 

Cii'il  Assistant  to  the  Piojc'isor  of  Hygiene. 

(From  f/ic  Rof/dl  Nartjl  Medical  School,  Royal  Naval  College,  Greenwich.) 

In  analysing  sonic  samples  of  air  which  had  been  sent  for  examination,  the 
writer  was  struck  by  the  presence  of  an  aIto<,'ether  abnormal  quantity  of  carbon 
dioxide  associated  with  a  very  n\uch  diminished  oxy^^en  content.  In  view  of 
this  excess,  the  space  from  which  these  samples  had  been  obtained  was  then 
thoroughly  ventilated  and  after  remaining  closed  for  only  four  days  the  air  was 
found  to  contain  already  2-27  p.c.  of  carbon  dioxide  instead  of  the  normal 
0-03  p.c.  No  immediate  explanation  of  the  phenomenon  was  available  and  this 
paper  contains  a  short  account  of  the  research  made  to  discover  the  cause. 

The  space  was  an  uninhabited  and  unventilated  storeroom.  Plxamination 
showed  that  the  carbon  dioxide  could  not  have  gained  access  from  an  external 
source  and  that  it  must  have  been  derived  from  the  contents  of  the  store. 

Amongst  the  stores  was  a  considerable  quantity  of  tobacco  which  was  found 
to  be  very  mouldy.  Part  was  in  the  form  of  the  whole  loose  leaf  and  the 
remainder  w^as  a  prepared  tobacco  mixture  contained  in  cardboard  'war-time* 
receptacles  which  could  not  be  as  hermetically  perfect  as  the  tins  which  they 
were  temporarily  replacing. 

Experiments  w^ere  made  under  conditions  imitating  those  prevailing  in  the 
storeroom  to  ascertain  if,  and  under  what  circumstances,  tobacco  could  effect 
any  marked  alteration  in  the  composition  of  the  air  in  which  it  was  stored.  For 
this  purpose  air  sample  bottles  of  60-70  c.c.  capacity  w^ere  used. 

They  w^ere  thoroughly  flushed  out  with  pure  air  and  known  quantities  of 
tobacco  of  varied  quality  were  placed  in  them.  The  vaselined  stoppers  were 
secured  wdth  rubber  bands;  the  subsequent  examination  showed  the  necessity 
for  this  precaution  as  a  very  strong  pressure  was  generated.  These  bottles  were 
allowed  to  remain  sealed  for  a  period  of  18  days  (and  longer)  at  temperatures 
of  12°  C.  and  37°  C,  at  the  end  of  which  time  they  were  opened  under  mercury 
and  the  residual  air  in  them  was  analysed.  The  analytical  apparatus  employed 
was  the  Haldane  for  general  air  analysis  together  with  the  accessories  already 
described  for  use  with  the  Haldane  apparatus  for  estimation  of  carbon  dioxide 
only  (J.S.i'.L,  January  31,  1010). 

In  consequence  of  the  first  findings  the  research  >va8  extended  to  include 
the  action  of  hay  and  potatoes. 

The  experiments  and  results  are  summarised  below: 
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Tliesp  ox])o,rinients  show  tliut  uimIc!  ( nliin  condil  ions,  luu]  jiftcr  ela})8e  of 
sullici(Mit  tiiiu!,  tobacco  stored  in  an  unvcMitilalcd  space  converts  the  air  into 
a  mixture  of  ixases  entirely  inca])ahh'.  of  support in<^'  human  Hfe  and  tlierefore 
that  anvone  enteriiiLT  such  a  space  after  these  conditions  had  prevailed  would 
he  almost  instantly  killed. 

An  essential  coudilioii  foi-  this  rcaclidu  is  that  the  tobacco  be  dainj);  air 
drii^l  t()l)acco  containing'  less  than  lo  j).c.  of  mois(ur(^  is  not  productive  of 
dauirer  even  after  .'>-  da  vs.  It  is  to  be  noted  that  tobacco  in  this  latter  state 
gives  an  a])parcnt  physical  indication  of  much  less  than  10  jt.c.  moisture 
content. 

The  de<;rce  of  conversion  is  ])ro])ortionate  to  time  up  to  a  maximum.  The 
presence  of  mould  and  micro-organisms  accelerates  and  increases  the  reaction 
but  it  is  not  the  causative  agent.  The  reaction  is  effected  by  the  tobacco  itself 
and  is  not  due  to  an\'  material  which  may  be  added  in  the  course  of  manu- 
facture. 

The  decomposition  is  increased  by  heat;  the  apparent  deviation  from  this 
in  Series  A  was  due  to  the  higher  temperature  evaporating  the  water  which 
condensed  on  the  shoulder  of  the  bottle  out  of  contact  with  the  tobacco. 
Neither  carbon  monoxide  nor  any  other  combustible  gas  is  produced  by  the 
reaction. 

The  same  conversion  occurs  when  hay  or  potatoes  are  stored  in  an  unventilated 
space  and  probably  also  in  the  presence  of  a  large  number  of  other  vegetable 
products. 

The  research  has  a  practical  application  in  showing  the  necessity  for  storing 
damp  vegetable  products  only  in  spaces  where  efficient  ventilation  is  assured. 
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INTRODUCTION. 

The  investigations  on  blackwater  fever  herein  described  were  made  in  the 
Balkans  during  1916-17-18,  while  I  was  attached  to  the  British  Force  there, 
and  were  completed  in  my  laboratories  at  St  Thomas's  Hospital,  in  1919  and 
1920,  after  my  return  from  the  East.  The  material,  which  was  unlimited,  was 
derived  from  patients  of  all  nationalities  who  suffered  from  blackwater  fever 
and  malaria.  The  study  of  the  disease  was  made  on  certain  lines  and  the 
findings  will  be  recorded  in  the  various  sections  into  which  the  work  is  divided. 
No  attemptis  will  be  made  to  discuss  certain  of  the  problems  of  this  in- 
teresting disease  which  have  been  dealt  with  by  previous  workers,  many  of 
whom  have  made  observations  on  cases  of  blackwater  fever  year  after  year 
in  tropical  and  subtropical  countries. 
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SPXTION  I. 

ABNORMAL  ('HAN(;i<:s  KOUXI)  1 X  TMK  BLOOD   PLASALA,  SKKUM,  AM) 
IJLI)  BLOOD  OOKBUSCLI^JS  IN  BLA(.'KWATKJl  KKVKR. 

\.  .Faun(li(( — hilo  pigment.    2.  llacnio^'Iohinuoiiiiii.    .'{.  OhaorvationH  on  flu-  Mood  ccIIh. 
1.  On  (he  scnim  rciiclioii  for  Hvpliilis.    5.  J'aniHitc.s:  (a)  Sj)ir()chaotcH;  (h)  Alalaiial. 

I.    Jaundice.     Willi.im    lliiiitcr  {\\H)H)  writiii^^  on  .jaundice  says:  "It  is 
characterised   by  yollowisli  discoloration  of  the  tissues  with   hilc  piomont," 
l)ul    ]\v  also   refers  to  a  condition    known   as  "Urobilin  jaundice"  wiiich   he 
re«j;ards  as  a  true  jaundice,  associated   with  urobilinuria,   and   (bic   to   the 
formation  of  urobiHn  from  bilirubin  in  the  intestine.    There  are  others  who 
regard  jaundice  as  a  pi<j^mentation  of  the  bk)od  and  tissues  due  to  the  presence 
of  bile  pi«;nients  alone,  and  do  not  include  the  pi<imentation  due  to  the  presence 
of  urobiliji.    There  is  little  doubt,  in  my  opinion,  that  if  tlie  definition  of 
jaundiee  were  strictly  confined  to  the  abnormal  discoloration  produced  by 
the  presence  of  bile  pigments  in  the  blood  and  tissues,  much  greater  clinical 
accuracy  would  ensue,  as  many  medical  officers  in  charge  of  patients  employ 
the  term  jaundice  without  any  clear  definition  of  its  meaning,  w^ith  the  result 
that  any  "yellowish  appearance  "  of  the  skin  or  conjunctiva  is  termed  jaundice. 
Jaundice  was  observed  in  20  of  my  cases  out  of  a  total  of  49  in  which  full 
records  w-ere  made.    In  some  of  the  negative  cases  a  yellow^ish  discoloration 
of  the  conjunctiva  was  noticed,  somewhat  similar  to  that  which  is  so  well 
known  in  patients  suffering  from  pernicious  anaemia,  but  there  was  no  evidence 
of  bile  pigment  in  the  blood  serum.    In  the  20  positive  cases  the  yellow  dis- 
coloration was  proved  to  be  due  to  bile  pigment  in  the  blood  plasma,  while 
in  many  instances  the  jaundice  was  intense,  and  in  16  out  of  the  20  cases  a 
fatal  result  ensued.    In  three  of  the  fatal  cases,  these  having  died  on  the 
fifth  and  seventh  day  of  the  disease,  jaundice  developed  at  the  onset  of 
blackwater  fever,   but   icterus   was   absent   at   autopsy.    In    some   of   the 
negative  cases,  jaundice  was  stated  to  be  present  on  clinical  evidence,  but  bile 
pigment  could  not  be  demonstrated.   It  will  be  seen  by  reference  to  the  post- 
mortem findings  that  the  bile  in  the  gall  bladder  w^as  extremely  thick  and 
concentrated,  especially  in  the  cases  which  were  jaundiced,  and  such  samples 
of  bile  w^ere  found  to  be  actively  haemolytic  for  human  or  animal  red  cells, 
owing  to  the  presence  of  a  high  percentage  of  bile  salts.    Concentrated  bile 
occurred,  how^ever,  apart  from  jaundice  among  the  cases  of  blackwater  fever. 

The  method  which  was  adopted  for  testing  the  presence  of  l)ile  pigment  in  the  blood 
serum  or  plasma  was  as  follows:  Blood  serum  or  plasma  mixed  with  red  celts,  or  free  of 
the  hitter,  was  evaporated  in  a  porcelain  dish  on  a  water  bath  to  a  dry  sticky  resi(hie.  ('old 
water  was  then  rapidly  passed  over  it,  and  all  excess  removed  before  fuming  nitric  acid 
was  added  with  the  usual  precautions  to  the  dried  residue.  If  hile  pigment  was  present  a 
play  of  colours  developed  showing  a  definite  green  streak,  which  vari«'<l  in  intensity 
according  to  the  amount  of  bile  pigment  present.  The  reaction,  however,  is  quite  dis- 
tinctive and  in  my  experience  since  l)r  A.  Wilkin  drew  attention  to  the  value  of  rapidly 
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washing  the  surface  of  the  dried  blootl  with  cold  water  the  test  has  been  found  to  be 
accurate  and  pertrctly  easy  to  nuinipulate*. 

Albert  Plehii  (1914),  in  his  classification  ol  black  water  fever  into  five 
groups,  states  that  jaundice  occurs  in  four  out  of  the  five.  Arkvvright  and 
Lepper  in  their  report  on  16  cases  of  blackwater  fever  occurring  in  the  Eastern 
Mediterranean  state  that  jaundice  of  some  degree  was  present  in  15  cases. 
In  eight  instances  it  was  slight;  in  six  it  was  much  more  definite;  and  in  one 
case  it  was  intense.  The  blood  serum  gave  a  marked  reaction  for  bile  pigment 
in  the  severe  case,  and  "in  two  or  three  other  cases  slight  reactions  were 
obtained,  probably  indicating  bile  pigment."  Bile  pigment  was  not  found  in 
the  urine  in  any  instance.  There  is  no  definite  proof  that  true  jaundice  occurred 
in  all  their  cases,  as  the  nature  of  the  pigment  in  the  blood  plasma  was  not 
determined.  It  is  extremely  important  to  have  accurate  data  as  to  the  nature 
of  the  pigment  in  this  disease,  and  Arkwright  and  Lepper  fully  realise  this 
fact  as  they  doubt  the  wisdom  of  giving  a  decided  opinion  without  such 
positive  information.  They  emphasise  that  the  liver  is  disordered  and  swollen 
in  blackwater  fever  and  the  bile  inspissated. 

Phear  (1920)  has  recorded  recently  some  clinical  notes  on  blackwater  fever 
occurring  in  Macedonia,  in  which  intense  jaundice  was  present  in  17  of  the  40 
fatal  cases,  while  in  13  it  was  well  marked.  Throughout  the  literature  of 
blackwater  fever  mild  to  intense  jaundice  is  commonly  referred  to  in  the 
records  of  cases,  but  as  far  as  can  be  ascertained  from  the  data  furnished,  the 
diagnosis  rests  purely  on  clinical  evidence.  It  is  of  course  unnecessary  to  adopt 
any  other  means  in  cases  of  intense  jaundice,  but  in  those  who  show  a  "lemon 
tinging"  of  the  conjunctiva  an  examination  of  the  blood  plasma,  or  serum, 
should  be  made  so  as  to  ascertain  whether  bile  pigment  is  the  cause  of  the 
abnormal  pigmentation.  The  abnormal  coloration  of  the  urine  in  blackwater 
fever  was  found  to  be  due  in  some  of  my  cases  to  urobilin. 

2.  Haemoglobinaemia.  Muir  and  Dunn  (1915a)  recognise  three  degrees  of 
haemoglobinaemia,  all  of  which  lead  to  accumulations  of  iron  in  the  kidneys: 
{a)  a  degree  too  slight  to  be  detected  directly  (this  is  probably  the  case  in 
pernicious  anaemia),  (6)  a  degree  sufficient  to  enable  the  free  haemoglobin  to 
be  recognised  in  the  plasma;  and  {c)  a  degree  sufficient  to  produce  also  haemo- 
globinuria.  Corresponding  to  these  three  degrees  of  haemoglobinaemia  there 
will  be  increasing  amounts  of  haemosiderin  in  the  kidneys. 

The  blood  withdrawn  from  a  vein  in  a  case  of  blackwater  fever  may  show 
evidence  of  haemolysis,  varying  from  a  deep  red  coloration  of  the  plasma  to  a 
faint  tinging.  If  the  blood  is  withdrawn  from  a  vein  into  a  large  test  tube 
(6x1)  with  all  reasonable  precautions,  and  immediately  sloped,  the  serum 
will  separate  rapidly  at  37°  C,  or  at  the  temperature  met  with  in  the  tropics, 
and  the  escape  of  haemoglobin  from  the  red  cells  will  not  occur  through  a 
technical  error,  and  thus  give  a  false  observation.  At  the  end  of  one  hour's 
incubation  at  37°  C.  the  tube  of  blood  is  placed  in  the  perpendicular  position 

1  The  addition  of  a  few  drops  of  water  at  the  end  of  the  reaction  will  intensify  a  feeble  result. 
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in  tlic  lev  sale.  Tlic  evidence  of  haenio^flobiiiaeiiiiii  raj)i(lly  disappears  from 
1  he  hlood,  so  that  this  phenomenon  may  be  overlooked,  nidess  th(;  (waniination 
is    made   a!    t  lie  correct    moiiK'nt.     The  spectiiimOhtained   is  oxv-   or   met- 

liaeiiio'jlohiii,  or  both  ma\'  be  j)i-cs('iil   in  flic  sanir  sainjijc  of  blood  sciiim. 

.\ik\\rii;ht  and  Lcppcr  (M)I,S)  looked  for  (^vidcnco  of  harmoglohinacriiia  in  ten  of  tlicir 
eas»\s,  ami  obtained  positive  tindin^H  in  four,  while  various  workcPH  on  blackwat<T  fever 
liav<'  shown  previously  that  there  is  a  Iwuuno^Iohinaeinia  in  this  disease.  JJarralt  and  Yorke 
in  !!)()!)  brought  forwani  evidence  to  show  that  the  haemoglobinaeniia  preeeded  the  haemo- 
globinuria,  while  from  their  investigations  on  piroplasniosis  in  dogs  tliey  showe<i  that  th(5 
haemoglobinaemia  appears  as  soon  as  the  blood  j)lasina  contains  as  much  liaemoglobiti  as 
is  obtained  fro?n  an  amount  of  ro<l  cells  e(jual  to  Of)  per  cent,  by  volunif!  of  the  plasma. 
The  percentage  of  haemoglobin  in  tlie  urine  is  generally  greater  than  that  in  the  bloofl 
plasma. 

Muir  and  McNee  (1912)  found  from  experiments  conducted  on  animals  with  hae?noIytic 
immune  sera  that  the  amount  of  haemoglobin  passed  in  the  urine  is  small  in  relation  to 
the  degree  of  blood  destruction.  They  refer  to  one  instance  in  which  157  c.c.  of  dark  brown 
urine  were  passed  in  48  hours,  but  it  contained  an  amount  of  haemoglobin  corres]>onding 
only  to  3  or  4  c.c.  of  blood. 

3.  Observations  on  the  blood  cells.  Investigations  on  the  total  ninnber  of 
red  cells  per  c.mm.  and  the  percentage  of  haemoglobin  were  made  in  many 
cases  of  blackwater  fever  during  the  period  of  haemoglobinuria,  and  in  the 
stage  of  intense  anaemia  which  may  persist  when  the  haemoglobinuria  has 
disappeared,  but  no  estimation  on  blood  volume  was  attempted.  The  degree 
of  anaemia  in  this  disease  is  very  considerable,  as  would  be  expected,  and  is 
often  of  a  rapidly  progressive  type. 

The  following  case  serves  as  a  typical  example  of  this  progressive  anaemia. 
Onset  of  blackwater  fever  on  April  2nd,  1917.  On  the  following  day  the 
disease  was  present  with  all  its  characteristic  manifestations,  and  the  red 
cells  numbered  2,380,000  per  c.mm.  On  April  4th,  the  haemoglobinuria  was 
completely  arrested,  but  the  red  cells  numbered  1,900,000  per  c.mm.,  and  on 
the  next  day  the  urine  again  showed  haemoglobinuria  and  the  red  cells  totalled 
824,000  per  c.mm.  Death  occurred  48  hours  later.  At  the  autopsy  the  man 
was  jaundiced  and  most  of  the  internal  viscera  showed  the  efTects  of  arterial 
thrombosis. 

In  six  cases  the  red  cells  were  counted  a  few  hours  previous  to  the  death 
of  the  patients  with  the  following  results  : 

1.  Case    2  0,992,000 

2.  Case    3  1,330,000 

3.  Case  12  1,(X)0,000 

4.  Case  18  0,900,0(X) 

5.  Case  24  0,824,000 

6.  Case  25  1.048.000 

Polychromatophilia  and  punctate  basophilia  occurred  in  many  instances,  and  it  haa 
been  suggested  that  quinine  is  contra  indicated  in  such  ea^es,  Ijut  my  observatioiLs  do  not 
confirm  this  view.  The  total  number  of  leucocytes  varied  from  34,000  to  1600  per  c.mm. 
without  any  adequate  explanation  for  such  marked  variations  in  cases  of  equal  severity. 
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Haiint'iiumn  (iyi8^<)  records  the  fact  that  an  intense  leucocytosis  and  increase  of  poly- 
morphs may  occur  with  tlie  rigor,  while  subsequently  there  is  a  leucopenia  and  an  increase 
of  large  hyaline  cells. 

Arkwiight  and  Lepper  (1918)  refer  to  tlie  extreme  anaeniiii  vvliich  may 
occur  after  24  to  48  hours  of  blackvvater  fever,  and  compare  the  general 
appearance  of  the  patient  to  the  anaemia  following  severe  haemorrhage.  In 
addition  to  the  severe  blood  destruction  which  occurs,  haemorrhages  into  the 
serous  sacs,  or  externally,  niay  still  further  drain  the  system  of  its  normal  blood 
content.  Many  cases  succumb  to  the  severe  anaemia  which  necessarily  follows 
a  severe  attack  of  blackwater  fever,  when  the  tissues  may  show  the  most 
profound  changes  including  fatty  degeneration  of  the  myo-cardium. 

Albert  Plehn  (1914)  in  his  classification  of  blackwater  fever  considers  that  the  anaemia 
on  the  third,  fourth,  or  fifth  day  is  the  most  dangerous  complication. 

Muk  and  McNee  (1912)  found  from  their  experiment  on  animals  injected  with  haemolytic 
sera  that  the  rate  of  regeneration  of  red  corpuscles  was  very  rapid.  The  mean  of  all  their 
experiments  taken  together  gives  the  most  rapid  daily  increase  to  be  not  much  less  than 
500,000  corpuscles  per  c.mm. 

Red  cell  frcKjilUy.  Numerous  experiments  were  made  on  the  fragility  of 
the  red  cells  of  patients  in  the  acute  and  convalescent  periods  of  blackwater 
fever.  Whole  blood  was  employed,  or  washed  red  cells,  or  both,  but  the 
fragility  remained  within  the  limits  of  normal  blood  in  every  instance. 

Bijon  (1915)  found  a  diminished  resistance  of  the  red  cells  to  various 
strengths  of  salt  solutions  in  cases  of  blackw^ater  fever,  and  believed  that  he 
had  found  an  autolysin  in  the  blood. 

Auto-  and  iso-haemolysis.  The  serum  and  red  cells  obtained  from  the  same 
case,  and  other  cases  of  blackwater  fever,  w^ere  tested  for  the  presence  of 
haemolysins  and  agglutinins,  but  negative  results  occurred  in  every  instance 
with  the  patient's  own  blood  (auto),  while  there  was  no  evidence  that  sera 
obtained  from  cases  of  blackwater  fever  had  any  special  affinity  for  normal 
human  red  cells,  or  that  the  red  cells  from  cases  of  blackwater  fever  were 
susceptible  to  the  action  of  fresh  human  sera. 

Fletcher  (1913),  in  the  Federated  Malay  States,  tested  the  serum  and  red  cells  from 
three  cases  of  blackwater  fever,  but  was  unable  to  demonstrate  haemolysins  or  agglutinins 
for  the  autogenous  red  cells,  or  for  other  samples  of  red  cells,  and  was  unable  to  lyse  the 
red  cells  from  the  blackwater  fever  cases  with  normal  sera, 

Porak  (1918)  examined  the  serum  and  a  watery  extract  of  the  organs  both  fresh,  and 
dried  at  50°  C,  obtained  from  one  case  of  blackwater  fever,  on  the  patient's  red  cells  and 
healthy  cells,  but  was  unable  to  obtain  any  evidence  of  haemolysis.  The  microscopical 
changes  found  in  the  viscera  in  this  case,  however,  were  not  sufficient  to  warrant  a  positive 
result. 

In  1909,  de  Raadt  (1917,  2)  put  forward  the  suggestion  that  blackwater  fever  is  due 
to  the  formation  of  certain  immune  substances  which  have  both  a  haemolytic  and  a  para- 
siticidal  action,  together  with  an  excess  of  complement  in  the  circulating  blood.  He  believed 
that  the  actual  onset  of  blackwater  fever  depends  on  the  amount  of  complement  present 
which  is  free  to  act  with  the  immune  substances  formed.  Further,  he  suggested  that  chiU, 
excessive  exercise,  and  quinine  are  able  to  stimulate  this  increased  formation  of  com- 
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plciiiciit.  lit'  cDiHliiclcd  Moiiic  cxpcriiiHiils  uilli  li\c  hcaltliy  Jiisaiics*-  and  15  \s  Ikj  were 
sulTcririf^  from  chronic,  niularia.  hi  four  of  fix-  foniicr  th(5  hacmolytic  activity  of  the  serum 
was  imallcrcd,  laif  incrcascfl  in  one  case,  while  in  cij^lil  of  th<-  lallcf  if  was  found  to  be 
rais(>d  from  ,'tO  lo  KM)  per  ccnl.  In  his  opinion,  il  in  for  fhi.s  n-ason  that  jxTHonH  HufTcrin^ 
from  chronic  ni.daria  who  lake  (piininr  when  they  vi.sjt  hiackwaler  fever  areas  are  in  (hmger 
of  contracting  th(>  (Usease.  'rh(>  views  advanced  hy  'I'-  KaadI  lo  e\pl;iin  the  causation  of 
biaci<water  fever  ho\s('\fi-  arc  not  capable  of  cxperiinfiif al  proof,  while  he  fails  to  supply 
adequate  i'(>asons  for  these  \arious  sui;<.'eslions. 

{•'lichcrgcr  and  llartoch  (consider  that  intravenous  injec^fion  of  strong  hypertonic  saline 
rcduei's  the  amount  of  complement  in  the  blood.  I)e  liaadt  adopted  this  metho<l  of 
"treatment'"  for  thrrc  ,lav;incse  stilTcring  from  clironic  malaria  to  whom  h(5  gave  intra- 
vononsly  80  c.c.  of  a.  10  per  cent,  solution  of  sodium  cliloride,  but  failed  to  observe  a 
reduction  in  the  complement  in  the  blood. 

4.  On  the  serum  reaction  for  syphilis.  It  has  been  su^^<^^eHted  that  bhi(  k- 
water  fever  is  clepeiuleiit  u])(>n  sypiiilis  just  as  it  is  known  to  be  the  common 
aetiolo^ical  factor  in  paroxysmal  haemo^lobinuria,  althouj^h  Harratt  and 
Yorke  (1909)  considered  that  venereal  disease  does  not  predispose  to  black  water 
fever  or  influence  its  course  when  present.  Napier  (1913)  writinji  in  71ie 
Indian  Medical  Gazette,  in  1913,  favoured  the  view  that  syphilis  was  the 
cause  of  blackwater  fever,  further  he  sufj:<.^ested  that  the  Wassermann  reaction 
should  be  made  in  all  cases  of  blackw^ater  fever  and  if  the  reaction  was  positive, 
salvarsan  should  be  administered.  These  su^rgestions  made  by  Napier  are 
exceptionally  unpracticable  more  especially  in  a  disease  which  occurs  under 
such  unfavourable  surroundings  as  blackwater  fever,  while  he  brought  forward 
no  positive  evidence  that  blackw^ater  fever  is  dependent  on  syphilis.  The 
blood  serum  was  tested  for  syphilis  in  25  of  my  cases,  but"  the  results  were 
negative  except  in  the  case  of  a  Serb,  and  an  Indian,  both  of  whom  were 
known  to  have  had  the  disease,  w^hile  there  was  no  reason  to  suppose  in  either 
instance  that  syphilis  was  definitely  related  to  the  acute  illness.  Arkwright 
and  Lepper  refer  to  the  examination  of  the  blood  in  three  cases  by  Capt.  M. 
Douglas,  R.A.M.C.,  wdth  negative  results.  These  examinations  were  made 
one  and  a  half,  and  one  month,  respectively,  after  the  onset  of  blackw^ater 
fever. 

Microscopical  examination  of  the  tissues  in  blackwater  fever  has  failed  to 
reveal  any  evidence  of  syphilis.  There  is,  therefore,  nothing  to  suggest  that 
blackwater  fever  is  either  related  to,  or  dependent,  upon  syphilis. 

5.  Parasites  in  the  blood,   {a)  Spirochaetes,   (6)  Malarial. 
Spirochaetes.    The  blood  in  cases  of  blackwater  fever  was  examined  at 

the  height  of  the  paroxysm  and  subsequently,  by  the  following  methods, 
(1)  dark  ground,  (2)  Fontana  Tribondeau,  (3)  Levaditi,  (4)  Giemsa,  and 
(5)  Leishman  for  parasites  other  than  malarial,  but  without  success.  The 
blood  was  also  lysed  and  then  centrifugalised  and  film  preparations  made  of 
the  debris,  but  no  spirochaetes  w^ere  seen  by  this  elaborated  technique. 

Malarial  parasites.  In  llie  bnndrcd  casi^s  of  l)]a(kwater  fever  which  have 
been  investigated  a  malarial  history  was  obtained  in  everv  instance,  while 
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without  exception  the  infection  had  been  contracted  during  the  European 
war  in  the  Balkans  11)15-1918. 

Fihn  preparations^  of  the  blood  in  immediate  relation  to  the  paroxysm 
were  made  in  only  40  instances  out  of  the  100  cases  examined,  and  of  these 
in  42  per  cent,  malarial  parasites  were  demonstrated  of  which  60  per  cent, 
were  malignant  rings  or  crescents.   The  interval  between  the  attack  of  black- 
water  fever  and  the  last  attack  of  malaria  is  important,  but  no  reliable 
inference  can  be  drawn  from  these  findings,  because  a  negative  history  of 
malaria  was  of  little  or  no  value  among  our  troops  in  the  Balkans,  as  in  many 
instances  men  who  had  never  been  "sick"  and  flatly  denied  the  knowledge 
of  any  illness  resembling  malaria,  yet,  proof  positive  evidence  of  this  disease 
was  obtained.   In  1917,  various  investigations  were  made  under  my  direction 
on  the  Balkan  Fronts  for  the  purpose  of  detecting  malarial  carriers  and  un- 
suspected cases  of  malaria,  of  which  certain  examples  will  be  quoted:  80  men, 
who  gave  no  previous  history  of  any  illness  in  the  Balkans,  were  examined 
for  the  presence  of  malarial  parasites,  with  the  result  that  33-6  per  cent, 
were  found  to  be  positive  (B.T.  24  and  M.T.  3).  During  the  winter  of  1916-17, 
2836  men  were  examined  on  the  Struma  Front  :iud  no  less  than  835  were 
found  to  be  positive  malarial  carriers.  The  clinical  diagnosis  of  sand  fly  fever, 
trench  fever,  and  P.U.O.  (pyrexia — unknown  origin)  gave  every  chance  for 
error  to  occur.    In  one  instance  with  which  I  am  acquainted,  the  diagnosis 
of  sand  fly  fever  was  made  in  some  20  odd  cases  by  an  "enthusiast"  who  was 
anxious  to  show  the  value  of  active  anti-malarial  measures;  but  the  Flas- 
modium  vivax  was  found  in  the  peripheral  blood  in  80  per  cent,  of  these  cases. 
The  small  percentage  of  blood  examinations  made  during  the  paroxysmal 
period  of  blackwater  fever  is  unfortunate  because  so  many  competent  observers 
hold  that  wdth  the  blood  destruction  the  parasites  disappear  also.    Stephens 
(1913)  stated  "in  blackwater  fever  it  is  the  general  experience  that  parasites 
when  found  rapidly  disappear"  and  it  is  for  this  reason  that  the  importance  of 
the  presence  of  pigmented  leucocytes  and  melanin  has  been  considered  so  as 
to  ascertain  the  relationship  between  malaria  and  blackwater  fever. 

Seyfarth  (1918)  found  that  all  his  cases  (Balkans-European  War)  had  had  many  attacks 
of  malaria,  while  malarial  parasites  were  present  in  the  blood  in  nine  out  of  the  ten  cases, 
of  which  eight  were  malignant  malaria  and  five  were  fatal.  The  men  also  received  most 
insufficient  and  irregular  treatment  with  quinine  for  a  considerable  period.  They  were 
underfed  and  overworked.  Stephens,  in  his  article  on  blackwater  fever  in  Allbutt's  Sj/stem 
of  Medicine,  showed  from  an  examination  of  the  blood  in  95  cases  of  blackwater  fever,  that 
the  demonstration  of  malarial  parasites  in  the  blood  in  this  disease  depends  almost  entirely 
upon  the  time  when  the  blood  examination  is  made,  as  illustrated  by  the  following  figures: 

(1)  Blood  examination.  Day  before  onset  of  haemoglobinuria.  Parasites  present  in 
95-6  per  cent. 

(2)  On  the  day  of  the  haemoglobinuria  61-9  per  cent. 

(3)  On  the  day  after  the  haemoglobinuria  17-1  per  cent. 

^  Thick  films  were  employed  in  the  minority  of  cases. 
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The  icsiilts  o|  t  lie  (i;j,iii('S  ill  ri\('(l  at  l)y  Sl<'|>li('iis  lia  vc  led  to  t  lie  view  that 
the  severe  Mood  dcsi  nici  ion  is  1  lui  cause  of  tJjis  fcdiiccd  ixTcfiil a;i('  of  j)().sil  i ve 
f'm(liM«j;s,  l)iit  for  lliis  icasoii  one  case  in  iiiv  series  is  vvortliy  of  consideration. 
'I'lie  luiemolysis  was  intense,  the  hlood  serinn  was  deep  red,  but  tli(i  blood 
was  sliown  to  be  very  heavily  infected  witJi  inalijinant  rin^  parasites.  The 
patient  died  within  21  Jjours  from  tlie  onset  of  the  acute  illness,  and  tlie 
tissues  sliowed  a  very  lieavy  infection  witli  })arasites  both  intracellular  and 
free.  Another  case  with  less  pronounced  ehan<^es  in  the  blood  and  tissues  was 
also  met  with.  Tliese  two  cases  prove  tliat  iti  spite  of  very  active  blood 
destruction  at  the  time  when  the  blood  examination  is  niad(;,  yet  a  heavy 
nuilarial  infection  of  the  red  cells  may  persist.  It  is  possible  that  other  factors 
in  addition  to  the  presence  of  a  haemolysin  in  tlie  blood  may  explain  the 
reduction  of  positive  findinjijs  to  which  Stephens  has  drawn  attention.  Dud;reon 
(1919)  has  showni  that  when  a  patient  receives  an  intramuscular  injection  of 
quinine  complete  lysis  of  red  cells  occurs  in  the  affected  muscles,  but  the 
parasites  may  still  be  seen  in  larj^e  numbers  lyin^^  among  the  debris  of  red 
cells.  Dr  Nakayawa  confirmed  the  observations  made  by  Stephens,  as  he 
found  malarial  parasites  in  85  per  cent,  of  cases  prior  to  the  onset  of  black- 
water  fever  (M.T.  14,  B.T.  2  and  Q.M.  1),  but  only  12-8  per  cent,  were  positive 
one  or  two  days  after  the  onset.  Ha  tori  (1915)  examined  26  cases  and  found 
parasites  in  96-3  per  cent,  before  the  attack  of  blackwater  fever  commenced^ 


SECTION  II. 
THE  TISSUE  CHANGES  IN  BLACKWATER  FEVER. 

The  heart.  In  17  cases  the  condition  of  the  heart  muscle  was  recorded 
in  detail.  In  the  cases  which  ran  an  acute  course,  it  was  flabby,  and  there 
was  intense  pallor  of  the  muscle  substance  with  sub-pericardial  haemorrhages, 
and  the  papillary  muscles  show^ed  well  marked  mottling.  There  was  dilatation 
of  the  heart,  especially  of  the  right  side. 

On  microscopical  examination,  fatty  degeneration  was  present  throughout 
the  muscle  substance,  or  in  localised  areas.  The  heart  was  examined  for  fatty 
degeneration 2  in  17  cases  of  blackw^ater  fever,  with  the  result  that  diffuse 
fatty  degeneration  was  demonstrated  on  three  occasions,  similar  to  the  severe 
type  of  fatty  degeneration  of  the  heart  muscle  which  has  been  recorded  in 
acute  diphtheritic  toxaemia  by  Dudgeon  (190(5),  while  localised  areas  of  fatty 
degeneration  occurred  in  five  cases.  It  was  not  possible  to  demonstrate  fatty 
degeneration  of  the  heart  muscle  in  the  nine  remaining  cases  of  blackwater 
fever.    In  one  case  in  which  diffuse  fatty  degeneration  had  occurred,  and  one 

^  Lcishman,  in  1912,  drew  attention  to  certain  bodies  which  he  found  in  the  endothelial  cells 
of  the  visceral  hlood  f)r  lymph  vessels,  and  which  he  considered  inipht  he  p:irasitir  (fhlamydozoa). 
He  found  these  bodies  in  three  cases  of  blackwater  fever.  .SVe  l^eishnian,  W.  (1912).  Ollinclu- 
sions  in  the  l)lood  in  Blackwater  Fever.    Joum.  Roy.  Army  Med.  Corps.  Vols.  x\-in  and  xii. 

'  Scharlach  R.  staining  was  used  throughout  for  these  investigations. 
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of  less  severity,  the  parasites  of  pernicious  malaria  were  present  in  the  bh)0(l 
stream,  vvliile  in  the  remainin»i;  cases,  melanin  was  demonstrated  in  on(*  or 
more  of  the  viscera.  Dudgeon  and  Clarke  (1919)  have  shown  in  pernicious 
malaria  that  fatty  degeneration  of  the  cardiac  muscle  occurred  in  23  out  of 
a  total  of  45  cases  examined,  while  in  five  instances  diffuse  fatty  degeneration 
was  met  with.  It  might  be  argued,  therefore,  that  this  degeneration  of  the 
cardiac  muscle  was  malarial  in  origin,  quite  apart  from  the  toxic  action  in- 
duced on  the  tissues  in  blackwater  fever.  Fatty  degeneration  of  the  cardiac 
muscle  in  blackwater  fever  is  a  pathological  process  which  might  be  expected 
to  occur  because  it  is  a  well  recognised  condition  in  certain  other  diseases 
associated  with  severe  blood  destruction,  as  pernicious  anaemia,  and  strepto- 
coccal septicaemia. 

Marked  perinuclear  granularity  occurred  with  and  without  the  presence 
of  fatty  degeneration.  Sub-pericardial  haemorrhages  were  met  with  on  three 
occasions.  In  one  case  there  was  diffuse  fatty  degeneration  of  the  cardiac 
muscle,  and  a  large  intramuscular  haemorrhage  associated  with  a  wide  tract 
of  necrosis;  a  similar  condition  occurred  in  the  other  viscera  in  this  case 
owing  to  widespread  vascular  changes. 

Hannemann  (1918a)  considers  that  the  haemorrhagic  state  may  be  due 
to  quinine  derivatives  cinchonine,  chinicine  and  cinchonicine  acting  partly 
locally  on  the  vasomotor  system  and  partly  centrally.  This  view  however  is 
obviously  incorrect  as  the  haemorrhagic  condition  in  blackwater  fever  has 
no  relationship  to  the  quinine  intake,  and,  further,  in  animals  which  have 
received  experimentally  massive  doses  of  quinine,  a  haemorrhagic  state  is  not 
induced. 

It  has  been  suggested  that  the  changes  present  in  blackwater  fever  are 
dependent  upon  anaphylaxis  and  Porak^  has  compared  blackwater  fever  to 
this  condition.  There  is  no  evidence  in  my  opinion  for  this  suggestion  as  an 
explanation  of  the  pathology  of  this  disease,  while  the  tissue  changes  in  black- 
water  fever  are  absolutely  distinct  from  w^hat  is  met  with  in  anaphylaxis. 
A  typical  example  of  death  from  anaphylaxis  is  detailed  below  together  with 
the  microscopical  findings  which  certainly  confirms  my  belief  in  the  absence 
of  any  similarity  between  the  two  conditions.  An  officer  was  slightly  wounded 
on  the  Doiran-Vardar  Front,  and  was  given  500  units  of  anti-tetanic  serum 
hypodermically.  Within  ten  minutes  of  the  injection,  he  suffered  from 
dyspnoea  which  became  rapidly  worse  and  death  occurred  within  35  minutes 
of  the  inoculation.  At  the  autopsy,  sub-pleural  haemorrhages  were  present, 
and  marked  congestion  of  the  alveolar  w^alls,  and  haemorrhages  into  the  lung 
tissue  and  bronchi.  There  was  acute  emphysema,  but  no  inflammatory 
reaction.    The  thymus  was  enlarged,  and  show^ed  scattered  haemorrhages, 

^  Cleland,  in  1909,  had  suggested  that  blackwater  fever  was  the  resultant  condition,  the 
evidence  of  anaphylaxis  to  (dead)  Plasmodium  proteid.  See  Cleland,  J.  B.  (15.  x.  1909).  Is 
Blackwater  Fever  the  expression  of  anaphylaxis  to  a  Malarial  Plasmodium  ?  Journ.  Tropic.  Med, 
and  Hygiene. 
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jiiid  the  spleen  also.  I)iit  1  lieic  was  no  csidence  of  malaria.  Tlicie  were  no 
(•han^(»s  (le((»('to(l  in  the  li\('i\  kidneys,  or  otlier  tisHUCs.  Another  case  of 
death  from  a iia i»li\  la xis  was  simila ily  in xcsti^atcd.  'I'Jiis  pationt  had  malaj'ia, 
l»ul  tlie  lindinus  weic  not  siillieienl  to  HU<i^ost  hlaekwater  fever.  'I'lie  only 
phenomenon  which  is  common  to  hotli  conditions  is  t  h<'  haemorrliaf^ic  state, 
hilt   this  occurs  from  numerous  causes. 

No  definite  relationship  was  established  hetwet^i  tlie  presence  and  decree 
of  fatty  deucMieration  of  the  cardiac  muscle  in  these  cas(»s  of  black  water  fever 
and  the  ra|)idity  of  the  disease  from  tlie  time  of  onset  of  synif)toms  to  tin; 
deatli  of  the  patient,  althou^^h  in  two  out  of  the  three  cases  which  sliowed 
marked  fatty  dejjjeneration  death  occiiired  on  the  third  and  fifth  days  re- 
spectively from  tlie  time  of  onset  of  symptoms.  Jt  is  obvious,  however,  that 
this  detjjenerative  chanjije  of  the  cardiac  muscle  in  black  water  fever  is  of  the 
utmost  importance  more  especially  when  we  consider  the  severe  blood  de- 
struction and  other  effects  on  the  tissues  which  occur.  Full  attention  should 
be  given  to  these  findings  by  medical  officers  in  charge  of  cases  of  blackwater 
fever^. 

The  adrenal  glands.  Dudgeon  and  Clarke  in  the  communication  referred 
to  elsewhere  state  that  in  the  examination  of  the  adrenal  glands  in  35  cases 
of  pernicious  malaria  the  most  constant  lesion  was  the  reduction  of  the  fat 
lipoid  content  in  the  cortical  layers.  In  no  less  than  30  cases  such  reduction 
was  noted,  while  in  many  instances  the  loss  was  considerable. 

'  In  blackwater  fever  similar  results  have  been  observed.  A  reduction  of 
the  fat  lipoid  content  w^as  one  of  the  commonest  pathological  changes  met 
with  in  this  disease  as  in  pernicious  malaria,  while  in  a  few  instances  no 
chromaffine  was  detected  in  the  medulla  of  the  glands  by  the  chromic  acid 
test.  It  was  observed  that  when  the  fat  lipoid  in  the  superficial  layers  of  the 
adrenal  cortex  was  reduced  to  a  minimum  as  shown  by  the  fat  stains  especially 
Scharlach  R.,  it  might  be  present  as  fine  scattered  granules  in  the  deepest 
layers.  Fatty  change  in  the  cells  of  the  medulla  of  both  adrenals  was  met  with 
on  one  occasion.  This  patient  had  recently  recovered  from  active  pernicious 
malaria  w^ith  numerous  ring  parasites  in  the  circulating  blood,  and  this  was  his 
third  attack  of  blackwater  fever  within  a  period  of  three  months.  In  some 
cases  congestion  of  blood  vessels,  haemorrhages,  masses  of  agglutinated  red 
cells  in  the  vessels,  and  necrosis  of  gland  tissue  were  recorded. 

Paisseau  and  Lemaire  (191G)  considered  these  changes  to  be  of  the  utmost 
importance  in  pernicious  malaria.  They  grouped  the  pathological  findings 
and  the  clinical  phenomena  under  the  term  "acute  suprarenal  insufficiency." 

In  one  instance  of  rapidly  fatal  blackwater  fever  ''colloid-like  bodies" 
which  varied  considerably  in  size  were  numerous  in  the  medulla  of  the  Ldands. 

^  Caetellani  refers  to  the  condition  of  the  heart  in  hlaekwater  fever  as  foUow.s:  "The  h»art'.s 
action  shonM  be  carefully  watched  and  may  require  support,"  hut  he  does  not  descrilx'  the 
pathological  state  of  the  Cardial  muscle  in  this  disease.  See  Castellani,  A.  and  Chalmers,  A. 
(1919).    Manual  of  Tropical  Medicim.    London,  Halli6re,  Tindall  and  Cox. 
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Spleen.  The  spleen  was  enhirj^ed  in  every  case  of  black  water  fever  in  this 
series.  In  some  instances  the  enlargement  was  very  considerable.  In  the 
very  acute  cases  the  colour  varied  from  dark  red,  or  chocolate,  to  almost 
black,  simihir  to  the  appearances  which  the  spleen  may  present  in  animals 
which  have  succumbed  to  a  haemolysin.  Recent  or  chronic  perisplenitis  was 
present  in  all  cases.  Prominent  white  Malpi<;hian  corpuscles  were  of  common 
occurrence,  while  a  lar^e,  dark  chocolate  coloured  spleen  dotted  all  over  with 
prominent  lar^e  white  Malpighian  corpuscles  gave  a  striking  appearance 
which  this  organ  frequently  presented  in  black  water  fever.  The  micro- 
scopical changes  were  very  numerous,  but  many  known  to  occur  in  malaria 
were  met  with  in  black  water  fever,  which  could  be  explained  by  the  fact  that 
every  case  had  suffered  recently  or  within  the  last  few  years  from  one  or  more 
attacks  of  malaria. 

The  result  of  the  microscopical  examination  of  the  spleen  in  blackwater 
fever  varied  in  diiTerent  cases,  according  to  whether  the  patient  died  in  the 
acute  stage  of  the  disease,  or  subsequently  from  grave  anaemia,  while  the 
microscopical  appearances  were  not  necessarily  similar  among  the  cases  in 
either  period.   The  following  changes  which  occurred  wdll  be  referred  to: 

Localised  patches  of  necrosis  of  the  splenic  stroma;  less  frequently  this 
condition  occurred  as  a  widespread  lesion.  The  sinuses  were  distended  with 
blood  and  marked  congestion  of  their  walls  was  observed.  Agglutination  of 
red  cells  in  the  sinuses  occurred  and  active  phagocytosis  of  red  blood  cor- 
puscles by  the  endothelial  cells  lining  the  walls  or  free  in  the  sinuses.  The 
phagocytic  reaction  when  well  marked  gave  a  striking  appearance  to  sections 
of  the  organ,  while  evidence  of  haemolysis  in  the  blood  vessels  and  splenic 
sinuses  still  further  intensified  the  picture.  Endothelial  cell  activity  was  a 
marked  phenomenon  in  some  of  the  spleens  and  also  the  formation  of  small 
giant  cells.  This  endothelial  cell  activity  with  enlargement  of  the  splenic 
sinuses  developed  at  the  expense  of  the  lymphoid  tissue.  Thrombosis  in  the 
large  vessels  was  seen  in  two  cases  with  infarction  of  the  splenic  tissue.  The 
staining  of  the  red  cells  in  the  splenic  sinuses  by  a  double  stain,  such  as  Giemsa 
or  Leishman,  showed  varying  colour  effects  from  the  normal  red  to  brown, 
grey,  and  shades  of  blue.  This  polychromatophilia  was  very  pronounced  in 
some  instances.  Polymorphs  were  found  to  be  numerous  in  the  sinuses  in  a 
few  cases. 

Melanin.  Free-iron.  Melanin  was  present  in  the  sinus  cells,  or  free,  and  also  a  true 
iron-free  pigment,  while  in  some  cases  a  very  marked  free-iron  reaction  in  the  splenic 
stroma  occurred.  The  free-iron  reaction  was  demonstrated  in  the  tissues  as  small,  medium, 
or  large  granules,  or  as  a  diffuse  blue  staining  of  the  tissues  or  individual  cells.  Free-iron 
was  demonstrated  occasionally  in  the  Malpighian  corpuscles.  Melanin  was  found  to  give 
a  free-iron  reaction  by  "unmasking,"  while  in  some  instances  the  apparent  melanin  granules 
were  found  to  give  a  free-iron  reaction;  similar  observations  were  made  on  the  melanin 
granules  in  the  liver.   This,  however,  was  not  observed  in  malaria. 

The  Malpighian  corpuscles.   It  has  already  been  stated  that  the  large  size 
and  prominence  of  these  bodies  is  frequently  one  of  the  striking  features  at 
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an  autopsy  in  cases  of  blarkwatci-  fcvci'.  Tlic  cnlai-^^cnu'iit  is  due  to  active 
iMulotliclial  cell  inolifcratioii  uilli  partial  necrosis  oj  many  of  the  ciilar^cMl 
cells,  while  the  iioiiiial  lyMij)inti(l  ti.ssiie  content  is  reduced  to  a  niinimuni. 
La rL!;e  coarse  free  iron  granules  wcu'c  demonstrated  in  these  bodies  occasionally, 
while  inelaiiin  was  abs(Mit  or  ])resent  in  vory  small  amount.  J)ud^M'on  and 
(Clarke  desciihed  siniilai'  chan<^^es  in  I  lie  Malpi;i,liiaii  coipuscles  in  malaria. 
They  state  as  follows:  "  lOndothelial  c<'ll  proliferation  in  the  central  areas  of 
these  bodies  is  not  infrecpient,  wliih^  in  some  cases  these  endotlx^lial  c(^lls  liave 
uiulern'one  partial  or  complete  necrosis." 

The  gall  bladder.  In  several  cases  detailed  observations  were  made  on 
the  condition  of  the  gall  bladder  and  of  its  contents,  and  the  bile  passag(;s. 
The  bile  in  tlie  <;all  bladder  was  very  thick — in  some  cases  almost  solid  and  of 
a  deep  green  or  orange  colour,  while  the  gall  bladder  in  some  instances  was 
distended  and  the  bile  passages  in  the  liver  blocked,  with  thick  tenacious  bile. 
Samples  of  such  bile  were  boiled  to  remove  bacteria  and  extraneous  sub- 
stances and  the  haemolytic  action  on  human  red  cells  was  tested,  and  con- 
trolled against  a  2  per  cent,  solution  of  bile  salt  in  saline. 

Dudgeon  (1918)  has  shown  that  human  bile  is  very  variable  in  its  haemolytic  action, 
and  while  some  samples  are  very  inactive,  others  may  be  equal  to,  or  even  greater  than 
2  per  cent,  bile  salt  in  saline.  Further  he  showed  that  this  haemolytic  action  is  intensified  in  the 
presence  of  calcium,  but  rendered  inert  by  the  addition  of  sufficient  blood  serum.  Con- 
centrated thick  bile,  which  is  actively  haemolytic,  owing  to  a  high  percentage  of  bile  salts, 
is  found  in  the  gall  bladder  in  blackwater  fever  and  many  other  conditions.  In  several 
cases  of  blackwater  fever  I  have  found  that  the  concentrated  bile  was  as  actively  haemolytic, 
or  even  more  so,  than  2  per  cent,  bile  salt.  This  occurs  in  obstructive  jaundice,  although 
jaundice  was  not  present  in  each  case  referred  to  here  at  the  time  of  the  autopsy,  in  spite 
of  the  presence  of  inspissated  bile  in  the  gall  bladder  and  bile  passages.  Arkwright  and 
Lepper  refer  to  the  marked  inspissation  of  the  bile  in  the  gall  bladder  in  their  cases  of 
blackwater  fever,  and  compared  it  to  porridge,  while  in  one  case  with  considerable  jaundice 
the  bile  capillaries  were  blocked  with  inspissated  bile,  and  dilation  of  bile  capillaries  was 
also  seen. 

The  liver.  Numerous  changes  occur  in  the  liver  in  blackwater  fever,  but 
enlargement  and  foci  of  necrosis  were  met  with  in  every  instance.  The  colour 
of  the  liver  varied  considerably  in  the  large  number  of  cases  investigated. 
In  some  instances  it  was  dark  grey,  or  light  orange,  but  most  frequently  a 
yellowish  brown  colour.  Congestion  was  of  common  occurrence,  while  in 
several  instances  haemorrhages  beneath  the  capsule  and  in  the  liver  tissue 
occurred,  which  varied  in  size  from  a  pin's  head  to  an  obvious  splash  of  blood 
in  the  liver  tissue.  The  bile  capillaries  were  distended  witli  thick  bile  such 
as  occurred  in  the  gall  bladder. 

^  The  prominence  of  the  Malpighian  corpuscles  may  suggest  scattered  tubercles  to  the  casual 
observer. 
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Microscopical  Examination. 

The  microscopical  appearance  of  the  liver  in  black  water  fever  may  be 
relatively  slij^ht,  but  usually  marked  or  intense  de<i;enerative  and  reactionary 
changes  occur  similar  in  many  respects  to  those  which  accompany  certain 
toxic  conditions  which  act  upon  the  liver  cells.  Foci  of  central  necrosis  of  the 
hepatic  cells  are  among  the  commonest  lesions  of  blackwater  fever,  while  in 
some  instances  wide  tracts  of  liver  tissue  are  necrosed.  The  haemorrhagic 
areas  which  have  been  referred  to  may  merge  into  the  necrotic  tissue,  as  is 
seen  in  an  exaggerated  form  in  acute  yellow  atrophy  of  the  liver.  Fatty  change 
in  the  liver  cells  occurs  in  and  around  these  foci  of  central  necrosis,  while  an 
intense  polymorph  reaction  may  also  be  met  with.  The  polymorphs  are 
intermixed  with  necrosed  liver  cells  and  the  nuclear  remnants  of  the  hepatic 
cells.  There  may  be  an  intense  free-iron  reaction  in  the  liver  cells,  either  in 
the  central  or  peripheral  areas,  or  both,  or  the  liver  cells  may  be  filled  with  a 
yellow  iron-free  pigment.  The  sinuses  may  be  widely  dilated  and  agglutination 
of  red  blood  corpuscles  may  be  observed.  Melanin  is  found  free  or  in  the  sinus 
cells,  w^hile  in  some  instances  free-iron  granules  or  a  diffuse  iron  staining  of 
the  sinus  cells  together  with  the  melanin  particles  may  occur.  Numerous  mono- 
nuclear cells  may  be  met  with  in  the  dilated  liver  sinuses.  The  liver  cells  may 
contain  bile  pigment,  and  the  bile  passages  may  be  found  widely  dilated  and 
apparently  blocked  with  bile. 

Pancreas.  The  pathological  changes  met  with  in  the  pancreas  were  common 
to  those  found  in  the  tissues  which  have  been  already  referred  to.  No  instance 
of  fat  necrosis  or  haemorrhagic  pancreatitis  occurred,  although  haemorrhages 
and  congestion  of  blood  vessels  were  of  common  occurrence.  Marked  de- 
generation of  the  islets  of  Langerhans  was  noted  on  two  occasions.  The  cells 
were  swollen,  distorted,  and  showed  nuclear  changes,  and  in  one  instance 
sugar  w^as  present  in  the  urine,  and  amounted  to  0-lG  per  cent,  in  the  blood. 

The  kidneys.  These  organs  w^ere  often  much  enlarged,  and  varied  in 
colour  from  a  deep  purple,  or  deep  chocolate,  to  lighter  shades  according  to 
the  period  of  the  disease  in  w^hich  the  fatal  result  ensued,  and  whether  active 
blood  destruction  was  in  progress.  It  is  obvious,  that  the  post-mortem 
findings  are  largely  dependent  upon  the  haemolytic  factor.  Haemorrhages 
w^ere  present  in  some  cases  and  intense  engorgement  of  the  cortex  and  medulla, 
while  in  some  instances  the  pyramids  were  a  deep  purple  colour  and  the 
cortical  markings  were  not  recognisable.  The  microscopical  findings  varied 
in  different  cases,  and  for  the  reasons  referred  to  above.  When  death  occurred 
during  the  acute  stage  of  the  disease  the  renal  tubules  were  filled  with  blood 
serum,  granular  debris,  and  agglutinated  red  cells  which  were  especially  well 
demonstrated  in  the  convoluted  tubules.  The  individual  granules  in  the 
granular  debris  may  reach  a  large  size  and  the  debris  is  found  in  the  cells  of 
the  tubules  and  obstructing  the  lumina,  more  especially  the  convoluted  and 
more  highly  specialised.    This  granular  matter  may  be  shown  to  contain 
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traces  of  frce-non  oi-  iron  in  liirjfe  (jimiititios.  Warrinj^ton  Yorko  (1911)  haa 
sliowii  ill  t  lir  liacinoL'lol'iiKHMiiia  due  to  pirophismosis  caMis,  t  hat  lar«i;e  granules 
occur  ill  llic  cpit  licliuin  of  the  coiisohitcd  t-iihuh's  of  the;  kidneys,  and  as 
ali'cad\'  stilted  it  is  especialK'  in  the  ej)ithelial  cells  of  the  convohited  tubules 
that  the  iion  i^iannh's  are  [(uiiid.  The  e|)ithehiil  cells  of  the  t  ulniles— more 
es])ecially  the  coiiNolnled  nniy  show  all  sta«^es  of  defeneration.  'I'hc;  cells 
nia\'  he  lar^e,  swollen,  iiiid  \  ;i(  iiohit  ed,  and  the  nuclei  nuiy  ha  V(Miisapj)(5ared, 
or  t  he  cells  nia\'  he  l\in^  hvv  in  the  lumen  of  t  he  t  iihiiles,  oi-  may  be  collected 
to<i;etlier  to  form  renal  casts,  but  fatty  degeneration  was  not  as  fre(juently 
demonstrated  as  mi^lit  be  expected.  No  case  was  observed  in  which  advanced 
fatty  defeneration  of  the  renal  epithelium  had  occurred.  J^arge  tracts  of 
necrosis  of  the  renal  tubules  were  met  with  in  some  instances.  All  grades  of 
congestion  of  the  glomeruli  occurred,  from  a  slight  to  a  very  intense  form, 
wliile  a  similar  variation  was  observed  in  the  blood  vessels.  Pigment  was 
present  in  the  glomeruli  and  also  in  tlie  blood  vessels.  The  endothelial  cells 
of  the  glomerular  tufts  were  shed  in  some  cases  in  which  death  had  occurred 
during  the  acute  stages  of  the  disease,  and  blood  debris  was  present  in  the 
capsules,  while  the  cells  covering  the  capsular  walls  suffered  in  a  similar 
manner.  Complete  blocking  of  the  renal  vessels  occurred  on  one  occasion, 
while  acute  degenerative  changes  in  the  muscular  coat  of  the  blood  vessels 
was  also  met  with.  Acute  inflammatory  changes  in  the  interstitial  tissue  did 
not  occur  in  uncomplicated  cases  of  blackwater  fever.  The  kidneys  were 
examined  in  a  few  cases  which  had  suffered  from  blackwater  fever  at  a 
previous  period,  but  who  died  from  some  other  illness.  The  interval  between 
the  attack  of  blackwater  fever  and  the  period  when  the  kidneys  were 
examined  varied  from  a  few  weeks  to  some  months.  In  no  instance  was  any 
microscopical  evidence  of  chronic  nephritis  found  in  the  examination  of  the 
kidneys  in  these  cases.  These  findings  confirm  the  results  obtained  by  the 
ordinary  methods  of  urinary  examination.  Barratt  and  Warrington  Yorke 
(1909)  had  arrived  previously  at  a  similar  conclusion.  No  albuminuria  of 
renal  origin  followed  the  attacks  of  blackwater  fever  coming  under  their 
notice,  and  judging  from  the  cases  recorded  from  the  literature,  blackwater 
fever  is  not  a  cause  of  nephritis. 

Lungs.  Sub-pleural  haemorrhages  were  met  with  in  a  few  instances  and 
formed  part  of  the  haemorrhagic  state  which  may  occur  in  blackwater  fever. 
Oedema  of  the  lungs  was  common,  while  haemorrhages  into  the  alveoli  and 
considerable  congestion  of  the  alveolar  walls  were  recorded  on  many  occasions, 
and  also  haemorrhages  into  the  lumen  of  the  bronchi.  In  some  instances  the 
pulmonary  haemorrhages  were  widespread  and  occurred  in  conjunction  with 
areas  of  pulmonary  collapse  and  oedema.  Thrombosis  or  embolism  of  the 
pulmonary  artery  produced  a  fatal  termination  in  two  cases.  In  three 
instances  the  alveolar  walls  were  very  con'jested  and  the  red  cells  contained 
ring  and  dot  parasites  of  malignant  malaria  associated  with  blackwater 
fever. 
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Thyroid  gland.  In  a  few  instances  the  thyroid  <^hind  was  examined  inicro- 
seopically.  CoiisiderahU^  diminution  in  the  colloid  content  of  the  thyroid 
vesic'k^s  was  demonstrated,  and  in  one  instance  active  multipHcation  of  the 
cells  lining  the  vesicles  had  occurred. 

Skin.  Sections  of  the  skin  obtained  from  various  parts  of  the  body  were 
examined  microscopically.  Pigmentation  of  the  deepest  layer  of  the  epi- 
dermis was  noted  on  a  few  occasions,  and  mononuclear  cells  containing  yellow 
pigment  granules  were  demonstrated  in  the  corium,  but  the  pigment  found  in 
both  situations  failed  to  give  the  free-iron  reaction.  There  was  no  evidence 
of  acute  or  perivascular  inflammation  present. 

Spirochaetes.  The  spleen,  kidneys,  liver,  bone  marrow,  adrenals  and  brain 
were  examined  by  the  original  method  of  Levaditi,  or  one  of  its  modifications 
for  spirochaetes,  but  a  negative  result  was  obtained  in  every  instance. 

Film  preparations  of  the  tissue  juices  made  and  stained  by  the  methods 
of  Levaditi,  Fontana  Tribondeau,  and  Uiemsa  yielded  the  same  negative 
result. 

On  the  Presence  of  Free-Iron. 

It  has  been  shown  that  the  presence  of  free-iron  in  the  tissues  is  one  of 
the  most  characteristic  changes  in  blackwater  fever.  It  is  present  either  as 
the  finest  granules  or  as  large  coarse  blocks  of  iron  and  is  especially  found 
in  the  spleen,  kidneys  and  liver.  In  some  instances,  cells,  in  the  liver  sinuses 
especially,  may  be  shown  to  be  free  from  granules,  but  to  stain  a  diffuse  blue 
colour  witli  the  stains  for  free-iron.  Apparent  melanin  granules  in  the  liver 
and  elsewhere  may  give  a  definite  free-iron  reaction  in  blackwater  fever  as  if 
the  melanin  was  "split"  during  the  haemolytic  process.  The  amount  of 
free-iron  in  the  tissues  varies  very  considerably  in  different  cases,  and  certainly 
the  most  intense  reaction  was  found  in  two  cases  which  had  been  transfused 
for  severe  anaemia. 

Muir  and  McNee  believe  from  their  experiments  with  haemolytic  immune 
sera  that  the  intensity  of  the  iron  reaction  is  not  an  index  of  the  degree  of 
the  blood  destruction.  They  consider,  and  my  results  on  the  tissues  of  black- 
water  fever  cases  confirm  this,  that  the  rapidity  of  blood  destruction  with 
resulting  haemoglobinaemia  and  haemoglobinuria  is  the  important  factor  in 
the  intensity  of  the  iron  reaction. 

Muir  and  Dunn  (1915  6)  in  their  experiments  on  haemolytic  anaemia  in 
rabbits  found  that  the  excess  of  iron  stored  in  the  organs  has  been  largely 
absorbed  by  the  time  regeneration  has  occurred  and  they  believe  it  has  been 
utilised  in  the  blood  regeneration.  The  absorption  of  iron  was  most  complete 
from  the  liver  cells. 

These  investigators  (1915  a)  had  demonstrated  in  a  previous  paper  that 
in  acute  haemolytic  anaemia,  attended  with  destruction  of  more  than  half 
of  the  blood  within  three  days,  nearly  all  the  iron  from  the  destroyed  haemo- 
globin is  deposited  in  the  spleen,  liver  and  kidneys.    A  certain  amount  of 
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iron   escapes  in   (he   luiiic  diiiin;:,  the  liiH'nH>;jl<)l»iiiiiria,  and  1  lie  anionnt  de- 
posited in  (lie  kidneys  is  roughly  proportional  lo  tins. 

TnK   i.\.iK("Ti()\  OK  "M.\LAi;i.\   .Mi;i.ANiN "'  INTO  Animals. 

The  sj>l(M'ns  olilaincd  from  nnilarial  cases  were  cnt  into  fraLMncnls,  cruKlicd 
and  nmiccd.  Tlic  lliick  jiiicc  <d)lain('d  was  fonnd  lo  contain  an  ahnndance  of 
melanin  wliicli  was  washed  in  saline  on  several  oeeusions,  and  then  injected 
into  rahhits  and  i^ninea  ])i^rs  intraperitoneally.  No  abnormal  results  wen^ 
obtained  in  any  of  the  inoculated  animals,  inoculation  experiments  were 
made  also  with  dried  splenic  powder  cojitainin<^  an  abundance  of  melanin, 
but  no  ill  elTects  developed  in  the  inoculated  animals. 


SECTION  III. 

ON  THE  EXTRACTION  OF  THE  URINE  AND  TISSUES  IN  BLACKWATER 
FEVER  FOR  THE  PRESENCE  OF  HAEMOLYTIC  SUBSTANCES. 

These  experiments  were  undertaken  so  as  to  ascertain  whether  haemolytic 
substances  were  present  in  the  tissues,  and  whether  they  were  excreted  in 
the  urine  in  cases  of  blackwater  fever. 

Tissue  Extracts. 

Methods  employed.  Tissues  w^ere  minced,  and  dried  with  a  current  of  hot 
air,  while  alcohol  was  freely  added  to  assist  in  the  drying  process.  The  dried 
residue  w^as  ground  to  a  fine  powder,  weighed,  and  divided  into  equal  portions, 
to  one  of  which  alcohol  was  added  and  to  the  other  acetone,  and  then  incubated 
at  37°  C.  for  24  hours,  but  in  some  cases  the  extraction  with  alcohol  and 
acetone  was  continued  for  seven  days.  No  advantage  was  gained  by  this 
prolonged  method.  The  extracts  were  then  stored  on  ice  for  a  few  days, 
filtered,  and  the  filtrate  was  evaporated  to  dryness  with  hot  air,  and  then 
taken  up  in  2-5  c.c.  of  alcohol  or  acetone,  as  required.  Experiments  were 
conducted  also  to  ascertain  whether  "haemolytic  bodies"  could  be  extracted 
from  the  urine  in  blackw^ater  fever.  The  follo^ving  plan  which  was  adhered 
to  throughout  except  in  certain  minor  details  was  as  follows:  In  most  cases 
the  results  were  obtained  by  extracting  fresh  samples  of  urine,  but  in  some 
instances  24  hour  specimens  were  employed.  Care  was  taken  to  include  the 
deposit  which  is  generally  so  bulky  during  the  acute  stages  of  blackwater 
fever.  Amounts  varying  from  50-200  c.c.  were  employed  for  these  investiga- 
tions. Each  sample  was  dried  in  an  oven  so  arranged  as  to  permit  a  con- 
tinuous supply  of  hot  air  to  be  driven  across  the  specimen  until  it  was 
apparently  dried,  or  until  it  became  of  a  gluey  consistency,  when  further 
drying  produced  no  greater  effect.  Absolute  alcohol  was  frequently  added 
and  well  mixed  with  the  debris  during  the  drying  process. 

These  extracts  were  diluted  with  saline  and  tested  with  human,  slieep  or 
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rabbit  red  cells.    In  all  experiments  a  final  dilution  of  1  in  20  of  the  red  cells 
in  the  saline  extract  was  obtained. 

The  results  were  recorded  after  two  hours'  incubation  at  37°  C,  and  one 
hour  on  ice. 

Results.  In  11  specimens  of  urine  out  of  27  no  haemolysis  occurred  with 
the  alcohol  or  acetone  extracts  in  saline,  while  with  16  extracts  haemolysis 
was  present  in  dilutions  of  1  in  10  or  «j;reater,  and  on  eight  occasions  it  occurred 
with  both  the  alcohol  and  acetone  extracts.  The  three  most  potent  extracts 
acted  in  dilutions  of  1  in  33,  I  in  40,  and  1  in  50  respectively  and  will  be  re- 
ferred to  subsequently. 

A  short  resume  is  given  of  those  cases  in  which  the  organ  extracts  were 
proved  to  have  active  haemolytic  properties. 

Case  21 :  Private  P.  Admitted  to  hospital  with  black  water  fever  April  19th, 
1918.  Died  April  24th,  1918.  Urine  was  clear  of  blood  pigment  before  death. 
Patient  had  very  marked  anaemia,  jaundice,  and  a  liaemorrhagic  eruption. 
All  the  tissue  changes  were  very  marked  on  microscopical  examination. 
Patient  had  taken  80  grains  of  quinine  between  the  13th  and  18th  days  of 
April — that  is  in  the  same  month  as  the  black  water  fever  developed.  In 
150  c.c.  of  urine  passed  at  the  height  of  the  attack,  0-0135  grm.  of  quinine 
alkaloid  was  extracted,  while  at  the  final  stage  just  before  death,  0-067  grm. 
was  found  in  145  c.c.  of  urine.  The  following  results  were  obtained  by 
extracting  the  urine  and  kidneys  with  alcohol  and  acetone : 

Haemolytic  end 
Extract  point 

Urine  Alcohol  1  in  20 

Acetone  1  in  50 

Kidney  Alcohol  1  in  200 

Acetone  1  in  300 

75  C.C.  of  urine  were  used  for  this  examination,  while  5  grms.  of  dried 
kidney  tissue  were  employed  for  the  alcohol  and  acetone  extractions,  and 
each  extract  was  taken  up  in  5  c.c.  of  alcohol  and  acetone  respectively. 

Case  23:  Private  E.  Admitted  to  hospital  on  April  20th,  1918,  suffering 
from  blackwater  fever,  and  died  two  days  later.  Patient  had  very  severe 
anaemia,  marked  jaundice,  and  suppression  of  urine.  The  tissues  showed 
microscopically  such  changes  as  are  found  in  the  very  severe  cases  of  black- 
water  fever.  There  is  no  record  of  the  amount  of  quinine  taken  within  a  week 
of  the  onset  of  the  acute  symptoms,  although  it  was  known  that  he  had  had 
quinine  for  some  time  during  his  residence  in  the  Balkans. 

Haemolytic  end 
Extract 
Urine 

Kidney 

50  C.c.  of  urine  were  used  in  these  experiments,  and  the  dried  residue  was 
taken  up  in  5  c.c.  of  alcohol  and  acetone.    15-2  grms.  of  dried  kidney  tissue 


Extract 

point 

Alcohol 

lin20 

Acetone 

1  in  10 

Alcohol 

1  in  100 

Acetone 

1  in  500 
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wcic  used,  of  wliicli  7-(\  ui'ins.  wt'ic  employed  fni-  <lie  ;i  IcoJKtlic  extract  ;iii(l 
the  sniiie  (|ii;mlit\'  for  llie  iicelone.  TIm'  liiial  i-esidiic  wuH  taken  up  in  5  c.e, 
of  nlcoliol  and  acetone. 

('(fsr  :^S:  Private  II.  was  admitted  to  hospital  witli  Idarkwater  fever  on 
Mai(di  I'ltli,  nils,  in  extremis,  and  died  the  followin^f  da\'.  lie  had  verv 
RO\(M-e  jaundice  witli  hih'  piL^iKMit  in  the  urine.  The  abnormal  condition  of 
the  urine  was  such  as  is  found  in  tlie  most  severe  cases,  and  the  microscopical 
changes  in  the  tissu<'s  were  very  advanced, 

Haemolytic  end 
Extract  j)()iiit 

Urine,  Alcohol  1  in  10 

No  acetone  extract  was  prepared. 

Kidney  Alcohol  1  in  lH) 

Acetone  I  in  100 

90  c.c.  of  urine  were  used  for  extraction,  and  the  residue  was  taken  up  in 
6  c.c.  of  alcohol  only.  10  (^rms.  of  dried  kidneys  were  used  for  the  extraction  ; 
5  grms.  in  alcohol  and  the  same  amount  in  acetone,  while  the  final  [)roducts 
were  taken  up  in  2  c.c.  of  alcohol  and  acetone. 

Case  48:  Gunner  S.  was  admitted  to  hospital  with  blackwater  fever  on  April 
2nd,  1917,  and  died  seven  days  later.  The  urine  was  free  from  blood  and 
blood  pigments  24  hours  before  death.  There  was  grave  anaemia,  marked 
jaundice,  and  the  microscopical  changes  in  the  tissues  were  very  advanced. 
He  had  taken  30  grains  of  quinine  during  a  period  of  72  hours  before  admission 
to  hospital  with  blackwater  fever.  The  extraction  of  200  c.c.  of  urine  showed  : 
0-010  grm.  of  quinine  alkaloid. 


Extract 

Haemolytic  end 
point 

Urine 

Alcohol 

1  in  10 

Acetone 

1  in  10 

Kidney 

Alcohol 

1  in  10 

Acetone 

1  in  40 

Spleen 

Alcohol 

1  in  10 

Acetone 

1  in  200 

100  c.c.  of  urine  were  used  for  the  drying  experiments,  and  equal  portions 
of  the  residue  were  taken  up  in  10  c.c.  of  alcohol  and  acetone.  30  grms.  of 
dried  spleen,  and  18  grms.  of  dried  kidneys,  were  divided  ecpially  for  the 
extraction  wdth  alcohol  and  acetone.  The  final  extracts  were  taken  up  in 
10  c.c.  of  alcohol  and  acetone  respectively. 

Case  31:  Lance-Corporal  K.  Admitted  to  hospital  in  September,  1918, 
with  blackwater  fever  (second  attack).  There  was  slight  jaundice,  the 
urinary  changes  were  very  severe,  but  the  patient  made  a  complete  recovery. 
No  quinine  had  been  given  this  year  previous  to  the  attack  of  blackwater 
fever. 


Urine 


Hacmolytir  end 

Extract 

point 

Al(M)hol 

1  in  40 

Acetone 

1  in  20 
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75  c.c.  of  the  urine  obtained  duiin<^  the  acute  staj^es  of  the  diseawe  were 
employed  for  the  extraction,  and  2-25  j^rins.  of  the  dried  residue  were  taken 
up  in  10  c.c.  of  alcohol  and  acetone  respectively. 

Case  60:  Private  8.  Admitted  to  hospital,  April  19th,  li)l8,  with  very 
acute  svmptoms  of  blackwater  fever,  but  made  a  complete  recovery. 

Haemolytic  end 
Extract  point 

Urine.   Fresh  sample  Alcohol  1  in  33 

Acetone  1  in  10 

24  hours''  sample  Alcohol  1  in  25 

Acetone  1  in  10 

75  C.C.  of  fresh  urine  and  a  24  hours'  sample  were  evaporated  and  dried, 
and  the  residue  was  taken  up  in  5  c.c.  of  alcohol  and  acetone  respectively. 

Control  cases.  Many  control  cases  of  malaria  and  other  infections  were  employed  for 
comparison  with  the  findings  obtained  in  blackwater  fever.  In  no  instance,  however,  was 
an  active  extract  obtained.    The  following  cases  which  give  the  average  findings  will  be 

cited  briefly. 

Case  1.  Acute  streptococcus  streptocaemia.  19  grms.  of  dried  liver  were  extracted  with 
190  c.c.  of  absolute  alcohol.  The  final  extract  was  taken  up  in  10  c.c.  of  acetone  and 
alcohol.   The  haemolytic  end  point  was  1  in  12-5. 

Case  2.  Pulmonary  tuberculosis.  The  same  quantity  of  liver  was  treated  in  an  identical 
manner  as  in  Case  1.   The  haemolytic  end  point  was  the  same. 

Case  3.  Acute  nephritis.  The  kidneys  were  dried,  and  the  extract  was  prepared  with 
10  grms.  of  dried  powder  in  100  c.c.  of  alcohol.  The  residue  from  the  alcoholic  extract  was 
treated  with  acetone  for  24  hours,  and  then  stored  in  the  ice  safe  and  filtered.  The  haemolytic 
end  point  for  both  the  alcohol  and  the  acetone  extract  was  1  in  30. 

Cas^  4.  Pernicious  anaemia.  Patient's  colour  before  death  was  bright  yellow,  and  his 
blood  plasma  was  a  similar  colour.  The  liver  when  dried  was  treated  in  exactly  the  same 
way  as  in  the  above  experiment.  The  haemolytic  end  point  for  the  alcohol  and  acetone 
extracts  was  1  in  3-5.  25  c.c.  of  each  extract  were  evaporated  down  and  the  residue  was  taken 
up  in  5  c.c.  of  alcohol  and  acetone,  but  identical  results  were  obtained  in  each  case. 

Case  5.  Congenital  cholaemia.  The  spleen  was  removed  at  operation,  dried,  and  10  grms. 
of  the  dried  splenic  tissue  were  treated  with  alcohol  and  acetone  respectively.  The  haemolytic 
end  point  for  each  extract  was  1  in  10. 

Case  6.  Acute  nephritis.  An  alcohohc  extract  of  the  dried  kidneys  gave  a  haemolytic 
end  point  of  1  in  10. 

Case  7.  Splenomegaly,  with  severe  anaemia.  The  spleen  was  removed  at  operation, 
and  the  dried  splenic  tissue  gave  a  haemolytic  end  point  of  1  in  10  with  both  the  alcohol 
and  acetone  extracts. 

Case  8.  Ruptured  malarial  spleen.  An  alcoholic  extract  of  the  spleen  gave  a  haemolytic 
end  point  of  1  in  10.  25  c.c.  of  this  extract  were  evaporated  down,  and  equal  portions  of 
the  residue  were  taken  up  in  5  c.c.  of  absolute  alcohol  and  acetone  respectively,  but  an 
identical  haemolytic  end  point  was  obtained. 

In  all  these  experiments  samples  of  human  red  cells  from  cases  of  malaria,  blackwater 
fever,  various  infective  conditions  and  normal  red  cells  were  employed,  but  identical  results 
were  obtained  whichever  sample  of  red  cell  was  used  for  the  experimental  enquiry. 

The  results  obtained  hy  extracting  the  urine  and  tissues, in  the  manner  already 
indicated,  show  that  a  haemolytic  substance  or  substances  are  present  in  the 
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lissurs  ami  Kriiic  in  casrs  of  Itlackirdlcr  fever,  and  tliat  siii)ilar  .substances  were 
nof  obtained  from  tlic  (issues  iv  ollirr  cotididnns  i)ic} lul nt<j  indbtria .  '^Diey 
iiia\  1)1'  picsciil  ill  both  the  alcoholic-  and  acetone  extiacts,  altlion;^!)  vastly 
nioic  |)otetit  in  (lie  acetone,  while  the  alcoholic  oxtractts  would  appear  to  he 
nioic  active  when  pii'paicd  IKnn  the  urine  in  cases  which  recover, 

Maclean  considers  tliat  acetone  lias  an  ad\.int;ii:e  over  alcohol  in  extraction 
exj)eriinents  as  it  dissolves  fats  and  cholesteiol.  but  leavcH  phosphatideH. 
In  practice,  however,  it  is  fouiul  that  acetone  is  capable  of  extractinji;  Kome 
of  tiie  phospluitides,  although  the  amount  is  very  small  under  the  conditionH 
generally  employed.  Maclean  (1918)  has  consid(Med  the  results  of  these 
experiments  on  blackwater  fever,  but  is  unable  to  offer  an  explanation  as  to 
the  nature  of  the  substance  or  substances  which  would  induce  these  results 
and,  therefore,  it  is  most  satisfactory  to  simply  record  a  statement  of  facts 
without  useless  discussion. 

Conclusion.  In  blackwater  fever  haemolytic  substances  with  active  pro- 
perties can  be  extracted  from  the  tissues,  and  to  a  less  extent  from  the  urine, 
and  these  substances  haemolyse  human  and  animal  red  cells^. 

SECTION  IV. 

THE  EXPERIMENTAL  PRODUCTION  OF  HAEMOGLOBINAEMIA  AXD 
HAEMOGLOBINURIA  IN  ANIMALS  INJECTED  WITH  IMMUNE  8ERA. 

Numerous  experiments  on  these  lines  have  been  completed  by  various 
workers  on  previous  occasions.  These  observations  were  made,  however,  so 
as  to  compare  rapid  blood  destruction  in  animals  with  the  clinical  entity 
termed  blackwater  fever  in  the  human  subject. 

Several  rabbits  were  injected  intravenously  with  cats'  sera  obtained  by 
immunising  cats  with  rabbits'  red  cells.  The  methods  adopted  in  each 
experiment  were  in  the  main  similar,  but  certain  minor  alterations  were  made 
for  the  elucidation  of  various  details  which  it  was  hoped  would  help  to  throw 
light  on  the  aetiology  of  blackw^ater  fever. 

It  is  only  necessary  to  refer  to  three  of  the  experiments  in  detail  as  no 
further  information  was  obtained  beyond  what  is  about  to  be  referred  to. 

Experiment  L  Rabbit  35.  This  animal  received  G-25  c.c.  of  immune  cat  serum  in  five 
injections  during  a  period  of  six  daj's.  The  red  cells  dropped  from  6,000,000  to  1,500,000 
per  c.mm.,  the  haemoglobin  from  100  to  32  per  cent.,  and  the  leucocytes  from  7500  to  4500 
per  c.mm.  Haemoglobinaemia  was  present.  The  urine  became  dark  in  colour,  and  gave  a 
spectrum  of  oxyhaemoglobin.  Albumen  was  present  while  a  few  hyaline  casts  and  red 
cells  were  seen  in  a  large  deposit  of  d6bris.  When  the  rabbit's  serum  and  red  cells  were 
mixed  together  auto-agglutination  did  not  occur.  Within  a  period  of  one  week  the  urine 
returned  to  the  normal,  and  the  red  cells  to  4J  million  per  c.mm. 

1  Andrew  Balfour  lias  suggested  that  blackwater  fever  is  due  to  an  active  harmolysin  intro- 
duced by  a  biting  insect,  which  acts  on  red  cells  already  enfeebled  in  some  way,  usually  by 
malaria,  sometimes  by  tick  fever.   See.  Balfour,  A.  ( 1913).   Journ.  Tropic.  Med.  and  Hygiene,  p.  35. 
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E.vperivi^nt2.  Rabbit  3tj.  Tliis  rabbit  ivccived  ;j-5c.c.  of  immune  cat  serum  w  itliin  72hourH. 
The  retl  cells  dropped  from  (>,7r)(),0()()  to  1,4(K),()()()  per  c.mm.  and  the  liaemoglobin  from 
100  to  30  per  cent,  duriiig  this  period.  I'he  rabbit's  serum  showed  haemogiobinaemia,  and 
the  urine  which  was  dark  in  colour  contained  oxyhaemoglobin.  There  was  a  large  amount  of 
albumen,  abundance  of  debris,  and  free-iron  present  in  the  urine.  The  animal  died  at  the 
entl  of  the  third  day  from  the  onset  of  the  experiment.  The  urine  in  the  bladder,  at  the 
post-mortem  examination,  was  deep  brown  in  colour  and  contained  oxyhaemoglobin,  a 
large  amount  of  albumen,  and  numerous  granular  and  epithelial  casts.  The  rabbit  was  bled 
just  before  death  but  no  auto-agglutination  was  present. 

Autopsy.  The  spleen  was  deep  red,  and  very  friable.  The  heart  was  flabby.  The  bile 
in  the  gall  bladder  was  very  thick. 

Microscopically.  Kidneys.  The  tubules  contained  coagulated  serum,  and  there  was 
agglutination  of  red  cells  and  granular  d^biis  present.  The  epithelium  of  the  tubules,  more 
especially  of  the  convoluted,  was  degenerated,  vacuolated,  and  was  being  shed.  Free-iron 
was  present,  and  degenerated  renal  epithelial  cells  among  the  d6bris  in  the  tubules. 

Experiment  3.  Rabbit  39.  This  animal  received  6-75  c.c.  of  immune  cat  serum  intra- 
venously in  three  days  with  the  result  that  the  red  cells  fell  from  6,360,000  to  1,170,000  per 
c.mm.,  and  the  haemoglobin  from  120  to  29  per  cent.,  while  the  leucocytes  dropped  from 
7500  to  2420  per  c.mm.  The  urine  was  dark  in  colour,  and  gave  a  spectrum  of  oxyhaemo- 
globin. There  was  a  heavy  deposit  of  albumen,  abundance  of  granular  casts,  debris,  and  a 
few  red  cells.  The  rabbit  died  four  days  from  the  onset  of  the  experiment.  The  urine  was 
collected  for  24  hours  before  death,  and  from  the  bladder  at  the  autopsy.  Each  sample 
was  dried,  extracted  with  alcohol  and  acetone  for  eight  days  at  37°  C,  filtered,  stored  in 
the  cold  for  three  days,  and  the  residue  was  taken  up  in  5  c.c.  of  alcohol  and  acetone.  No 
haemolysis  occurred  in  a  dilution  greater  than  1  in  10  with  either  extract,  and  no  haemolytic 
substances  were  obtained  from  the  dried  kidneys.  Rabbits'  red  cells  (1  in  20)  in  saline  were 
employed  for  these  experiments. 

Autopsy.  There  was  no  bile  pigment  in  the  blood  serum.  The  fat  was  bright  yellow. 
The  spleen  was  large,  deep  purple,  and  firm.  The  liver  was  very  large,  pale  and  mottled, 
while  the  bile  was  unusually  thick  and  viscid.  The  kidneys  were  very  pale.  The  urine  in 
the  bladder  was  of  a  bright  yellow  colour,  and  contained  a  heavy  trace  of  albumen,  but  no 
casts  were  seen. 

Microscopical  examination.  The  spleen.  The  Malpighian  corpuscles  showed  active 
endothelial  cell  proliferation.  The  free-iron  reaction  was  very  marked.  The  iron  was 
deposited  in  large  clumps  in  the  stroma.  Agglutination  and  active  phagocytosis  of  red 
cells  was  present. 

The  renal  changes  were  similar  to  those  met  wdth  in  blackwater  fever. 

The  liver.  Auto-agglutination  of  red  cells  was  observed,  and  red  cell  debris  in  some  of 
the  vessels.  Coarse  scattered  vacuolation  of  the  liver  cells  existed.  Phagocytes  containing 
pigment  and  iron  granules  were  numerous  in  the  liver  sinuses,  while  diffuse  blue  staining  of 
these  cells  also  occurred. 

Discussion  of  the  results  attained. 

The  microscopical  changes  produced  in  the  tissue  of  rabbits  by  injections 
of  haemolytic  immune  sera  may  be  widespread  and  severe  in  character,  or 
they  may  be  much  less  intensive. 

Muir  and  McNee  (1912)  in  their  experiments  on  the  production  of  anaemia 
by  a  haemolytic  serum  did  not  consider  that  such  sera  have  any  important 
action  on  the  various  organs.  In  one  experiment  they  refer  to  areas  of  necrosis 
in  the  liver.    It  would  appear,  however,  from  full  reference  to  their  paper 
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that  tlic  (linViciiccs  in  tlic  ("iii(liiiL:s  ohtaiiiccl  1»\  t  Iicsn  obKci'Vcrs  and  iiiNsclf 
aic  not  so  ^I'cat  as  iniiilit  seem  to  he  t  Ik*  case. 

'riu'i'c  aic  many  points  of  siniilarily  hctwccii  tlic  cxpci-iincntal  production 
of  rapid  l)lo()d  dcst  ruction  in  animals  and  blackwatcr  fever.  Tlic  microsco|)ical 
(dian_i:;cs  in  the  kidneys  foi- example  in  an  animal  which  has  rccM'ivcd  injections 
of  immune  seia  and  in  a  patient-  who  luis  died  of  blackwater  fever  may  be 
identical.  Similai  appcaianccs  may  be  observed  in  the  liver,  Hpleen,  and  in 
the  characteiist  ics  of  the  bile. 

The  (dian<jes  observed  in  the  blood  and  urine  (;orrespond  in  typical  examples 
of  blackwater  fever  and  in  the  experimental  haemolytic  anaenna. 

Potent  haemolytic  substances  have  not  been  obtained,  however,  by 
extrartin«i  the  urine  and  or<:jans  of  ra])bits  which  had  succujnl)ed  to  an  anti- 
haemolytic  serum  such  as  occurred  in  blackwater  fever. 

Experiments  on  these  lines,  however,  fail  to  explain  the  essential  ])oints 
for  which  such  observations  are  conducted.  A  man  who  is  sufferin*,'  from 
acute  malaria,  or  wlio  has  suffered  from  many  attacks  of  malaria  in  the  past, 
is  suddenly  seized  witli  an  acute  illness  which  may  be  of  a  fulminating 
character  causing  rapid  death  from  severe  blood  destruction  and  its  con- 
sequent effect  on  the  tissues,  or  the  disease  may  be  less  severe  in  character 
and  may  end  in  complete  recovery,  or  the  acute  illness  may  subside,  but 
result  in  a  very  severe  anaemia.  The  cause  of  this  condition  which  is  termed 
blackwater  fever  cannot  be  elucidated  by  injecting  animals  with  the  sera  of 
immunised  animals. 

The  essential  factor — the  nature  of  the  haemolytic  process  in  man — is 
unknown,  just  as  the  cause  of  the  more  chronic  haemolytic  condition — 
pernicious  anaemia — is  unexplained  at  the  present  time. 

These  experiments,  however,  are  of  importance  in  the  elucidation  of  certain 
problems  in  blackw^ater  fever  which  are  dependent  upon  the  blood  destruction. 

The  anaemia  produced  by  the  unknown  toxin  of  blackw^ater  fever  is 
very  rapid  and  severe  (see  Section  I),  while  experimer.tally,  as  is  shown  in 
rabbits  35,  36  and  39,  referred  to  above,  a  very  severe  and  rapid  anaemia  was 
induced.  Robert  Muir  and  McNee  have  shown,  and  my  experiments  confirm 
their  results,  that  as  the  individual  susceptibility  of  rabbits  varies  enormously, 
it  is  not  possible  to  make  any  statement  as  to  the  degree  of  resulting  anaemia 
in  relation  to  the  dose  of  the  serum  injected.  They  found  that  the  intravenous 
injection  of  a  haemolytic  serum  is  often  followed  by  toxic  effects  which  may 
sometimes  lead  to  a  rapidly  fatal  result,  but  when  the  initial  effects  have 
passed  without  fatal  result,  the  animals  do  well  and  do  not  lose  weight,  and 
the  subsequent  phenomena  depend  upon  the  degree  of  blood  destruction— 
either  an  acute  and  fatal  anaemia  follows,  or  an  anaemia  which  is  followed  by 
rapid  regeneration. 

Extra-cellular  and  intra-cellular  haemolysis  are  both  concerned  in  blood 
destruction  as  William  Hunter  (1901)  insisted  upon,  but  Muir  and  McNee 
emphasise  that  the  extra-cellular  lysis  is  the  more  important  factor. 

Joum.  of  Hyg.  xix  ^^ 
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The  findintj;8  in  blackvvater  fever  coincide  in  many  respects  with  the 
experimental  results  obtained  by  Robert  Miiir  and  his  assistants,  and  others, 
on  experimental  anaemia. 

In  conclusion,  rabbits  which  were  rendered  intensely  anaemic  by  injecting 
immune  anti-sera  intravenously  in  the  manner  indicated,  did  not  develop 
haemot^lobinaemia  and  haemo<^lobinuria  when  treated  with  various  quinine 
preparations  intravenously  or  intramuscularly. 


SECTION  V. 
ON  QUININE  IN  RELATION  TO  BLACKWATER  FEVER. 

(a)    The  Administration  of  Quinine  previous  to  and  during 
AN  Attack  of  Blackwater  Fever. 

Numerous  contributions  to  the  subject  of  quinine  treatment  for  malaria 
and  its  relationship  to  blackwater  fever  have  been  made. 

Arkwright  and  Lepper  (1918)  record  that  in  15  out  of  their  16  cases  quinine  was 
administered  during  the  period  of  haemoglobinuria.  It  was  usually  given  in  the  form  of 
the  bi-hydrochloride  in  doses  of  10  to  15  grains  intramuscularly,  but  some  patients  received 
larger  doses.  It  was  given  also  intravenously  and  orally.  These  observers  state  as  follows: 
"We  could  not  detect  any  evidence  that  quinine  increased  or  caused  a  relapse  of  the  haemo- 
globinuria in  our  cases." 

Hannemann  (1918  6)  considers  that  the  haemorrhagic  state  may  be  due  to  quinine 
derivatives — Cinchonine,  Chinicine,  and  Cinchonicine — which  act  partly  locally  on  the 
vasomotor  system,  and  partly  centrally. 

Stephens  (1907)  states  as  follows:  "It  is  the  combination  of  inadequate  amounts  of 
quinine  and  a  continuance  of  slight  fever  from  time  to  time  that  seems  especially  to  favour 
the  onset  of  blackwater  fever." 

Armand-Delille,  Paisseau,  and  Lemaire  (1917)  regard  a  prolonged  malarial  infection 
(more  than  six  months)  and  cold  weather  as  the  two  predisposing  conditions  of  signal 
importance  in  the  causation  of  blackwater  fever.  All  their  cases,  however,  are  stated  to 
have  received  preventative  treatment  with  quinine  and  in  most  instances  curative  quinine 
treatment  also. 

Stannus'  (1913)  experience  leads  him  to  believe  that  in  the  absence  of  malaria  there  is 
no  blackwater  fever,  while  he  has  never  seen  this  disease  among  those  who  had  not  suffered 
from  a  previous  attack  of  malaria  treated  by  quinine. 

In  13  cases  investigated  by  me,  the  amount  of  quinine  taken  orally  within 
seven  days  of  the  attack  of  blackw^ater  fever  was  obtained;  seven  of  these 
cases  recovered  and  six  proved  fatal.  The  largest  doses  administered  during 
the  seven  days  were  240,  210,  and  200  grains,  and  each  case  recovered,  while 
the  remaining  cases  received  amounts  varying  from  30  to  140  grains.  Every 
case  of  blackw^ater  fever  among  the  British  troops  had  received  quinine 
treatment  at  some  time  previous  to  the  attack,  but  either  the  exact  dose  is 
unknown  or  the  relationship  betw^een  the  quinine  administration  and  the 
onset  of  the  attack.    There  is  no  evidence  among  the  records  at  my  disposal 
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thai  (Hiiiiiiic  1  ical  incnl   U)V  iiialaiial  iiifcci  ion  (liiiiii;^  the  altjick  ol  blackwater 
fevtM'  inlciisilicd,  oi-  pioloii^iicd ;  (lie  liacinolylic  jh'occsh. 

Malko  (l!)IS)  has  shown  that  variouH  HainplcH  of  uiinc  iiihihifcd  ihc  hiu^rnolytic  action 
of  (juinino  salts  in  varying  degrees.  He  hclicvcd  that  this  inhihitory  action  was  due  to  acid 
phosphate  of  .sodium  or  potassium.  In  vitro  he  estimated  that  the  haemolytic  elTect  of 
004  grm.  of  sulpliati^  of  (juitiiiie  is  neutralised  hy  ()(M)782r)  grm.  of  acid  phosj)hat(!  of 
scxlium  (free  froin  waler  of  ery.stallisation).  'V\w  experiments  which  Matko  arranged  on 
the.s{»  Hues  led  him  to  believe  that  blackwater  f(!ver  is  hound  up  with  Mk-  phospliatic 
metabolism. 

On  this  evidence  ho  decided  to  treat  a  case  of  blackwater  fever  with  acid  sotiium 
phosphate  as  follows: 

Male,  aged  24,  had  blackwater  fever  for  1(3  hours.  He  was  given  200  c.c.  of  a  2-.'>  per 
cent,  solution  of  acid  .sodium  phosphate,  and  seven  hours  later  th(;  urine  was  normal,  but 
a  sudden  relapse  occurred  for  which  200  c.c.  of  the  phosphate  solution  were  again  given. 
Eight  hours  later  the  urine  was  normal,  but  another  relapse  occurred.  It  was  decided, 
therefore,  to  give  an  intravenous  injection  of  equal  parts  of  (5  per  cent,  acid  srKliuni  j)hosphate 
and  sodium  chloride.  The  haemoglobinaemia  ceased  forthwith  and  within  four  hours  the 
urine  was  normal.  The  addition  of  sodium  chloride  was  made  on  the  supposition  that  it 
will  counteract  rigors  or  severe  pyrexia  which  may  be  induced  by  the  phosphate. 

(6)  On  the  Haemolytic  Action  of  Quinine  Salts  in  Urine  and  ox  the 
Excretion  of  Quinine  in  the  Urine  in  Malaria  and  Blackwater 
Fever. 

The  samples  of  urine  figured  in  Table  A  were  taken  from  the  nephritis 
cUnique  under  Prof.  Hugh  Maclean,  at  St  Thomas's  Hospital.  The  analysis 
of  the  albumen  content  in  each  sample  of  urine  was  made  in  his  Department 
and  is  illustrated  in  the  last  column  in  Table  A.  It  will  be  readily  appreciated 
from  these  results  that  the  albumen   content  has  no  relationship  to  the 

Table  A. 


No.  of 
case 

Urine 
Ic.c. 

O-'Tcc* 

Urine  containing 
Bi-hydroch 

1 "/,)  Quinine 
lor  id  e 

0-25  CO.* 

0-2C.C.* 

01  CO.* 

Albumen 

1 

— 

c. 

I.C.H. 

I.C.H. 

- 

- 

2 

— 

c. 

I.C.H. 

M. 

- 

- 

3 

— 

I.C.H. 

- 

- 

- 

Trace 

4 

— 

C. 

I.C.H. 

- 

- 

Trace 

5 

— 

C. 

I.C.H. 

M. 

- 

+ 

6 

_ 

C. 

C. 

I.C.H. 

- 

+  +  + 

8 

_ 

I.C.H. 

— 

- 

- 

Trace 

9 

— 

C. 

C. 

I.C.H. 

- 

TraK;e 

10 

— 

C. 

I.C.H. 

M. 

- 

Trace 

11 

— 

C. 

M. 

- 

- 

- 

12 

_ 

I.C.H. 

Trace 

- 

- 

Faint  trace 

*  In  each  ex|x?riment  normal  saline  was  added  up  to  1  c.c.  (Tables  A  and  B). 

005  c.c.  of  a  Holid  su.spension  of  washed  human  red  cells  was  added  to  every  t»il>e. 

All  tubes  were  incubated  for  one  hour  at  37°  C.  and  the  results  were  read  after  30  minutes 

at  room  temperature. 

AbbreviationJi  emploi/ed. 

C.   Complete  haemolysie.     I.C.H.  Incomplete  haemolysi.s.     .M.  Marked  haemolysis  (a  definite 

deposit  of  red  cells  left).   Trace.  Tinging  of  solution  with  haemoglobin.    -  No  haemolysis. 

16—2 
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haemolytic  activity  of  urines  treated  with  quinine  in  the  manner  about  to  be 
indicated.  fCach  sample  which  was  freshly  passed  was  cleared  by  centri- 
fugalisation  and  then  bi-hydrochloride  of  quinine  was  added  to  make  a  1  per 
cent,  solution.  Control  tests  were  made  with  a  ]  per  cent,  solution  of  quinine 
bi-hydrochloride  in  saline.  The  untreated  urines  (1  c.c.)  had  no  haemolytic 
action  on  a  5  per  cent,  suspension  of  washed  human  red  cells  in  saline,  but 
those  to  which  quinine  was  added  gave  varying  results,  which  will  be  referred 
to  in  detail.  In  several  instances  the  effect  of  the  addition  of  the  urine  was 
inhibitory,  while  in  some  of  the  cases  the  inhibition  was  very  marked.  No 
increased  haemolytic  activity  was  observed.  The  results  expressed  in  Table  B 

Table  B. 

To  compare  the  action  of  a  1  per  cent,  solution  of  bi-hydiochloride  of  quinine  in  urine 
on  a  5  per  cent,  and  a  2  per  cent,  suspension  of  washed  human  red  cells  in  saline. 

Amount  of  Bi-hydrochloride  of  Quinine  in  Urine  in  1  ex. 

01  c.c.  05  c.c. 


No.  of 
case 

Red  cell 
suspen- 
sion o/o 

0-2  c.c. 

0  15  CO. 

1 

5 

I.C.H. 

M. 

2 

C. 

M. 

3 

5 

— 

_ 

2 

- 

— 

4 

5 

- 

_ 

2 

I.C.H. 

M. 

8 

5 

- 

_ 

2 

- 

- 

10 

5 

M. 

Faint  trace 

2 

C. 

C. 

11 

5 

- 

— 

2 

C. 

Trace 

12 

5 

— 

_ 

2 

_ 

_ 

C.  Trace 


Controlled  Test  tvith  1  per  cent,  of  same  Quinine  Preparation  in  Saline. 
A  5  I.C.H.  M. 

B  2  C.  C.  C.  Trace 

were  derived  from  the  same  samples  of  urine  treated  with  quinine,  but  the 
comparative  haemolytic  action  on  a  5  per  cent,  and  a  2  per  cent,  suspension 
of  washed  human  red  cells  was  determined.  The  chief  fact  derived  from  these 
experiments  is  that  most  samples  of  urine  to  which  1  per  cent,  quinine  bi- 
hydrochloride  has  been  added  are  much  less  actively  haemolytic  on  a  5  per 
cent,  or  2  per  cent,  suspension  of  red  cells  than  saline  containing  the  same 
quantity  of  bi-hydrochloride  of  quinine,  but  in  one  instance  (case  10)  no 
inhibition  occurred^. 

In  Table  C  the  results  of  the  analyses  of  ten  samples  of  urine  from  malarial 
patients  are  recorded  which  were  made  by  Captain  C.  E.  C.  Ferrey,  O.B.E., 

^  Similar  experiments  were  made  with  other  samples  of  urine,  but  the  results  were  in  agree- 
ment. 
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ill  \\\v  i\'\\\v;\\  liiihorntorv.  Snloiiika.  I^acli  patient,  was  takin<i  .'^)0  grains  of 
the  siilpliatc  (tr  l>i  liNdiodiloiidc  of  (|iiiiiiii('  tliicc  times  daily.  T})(;  total 
(lliantity  of"  urine  |>asse(l  durinL!  '^\  houis  is  recorded,  to;ietliei'  with  t  Ik;  total 
anioiiid  of  (|iiiiiine  alkaloid  extracted,  and  tlie  resulting  jxircentaj^c  of  the 
alkaloid.  These  results  were  obtained  Ironi  various  castas  of  malaria  whieh 
were  under  investi<i;ati()n  and  tli(;y  serve;  to  illustrate;  the;  variable;  (juantities 
of  urine  passed  by  malarial  patients  in  24  hours,  and  the  wide;  variation  in 
the  ame)unt  of  eiuinine  which  is  extrae-ted.  Many  more  e)bse;rvatie)ns  were 
made  on  the  excretion  of  ejuinine  in  the  urine  e)f  malarial  patients,  but  the 
results  recorded  in  Table  C  are  sufficient  fe)r  the  purpose.    In  the  Balkans, 

Table  C. 
The  quinine  aii<alysis  of  the  urine  in  ten  cases  of  malaria. 


No.  of 
case 

Total  volume 
of  urine 
passed  in 
24  hours 

Total  amount 

of  quiniue 

alkaloid 

extracted 

Quinine 
alkaloid 
in  urine 

1 

c.c. 
575 

granune 
0-24 

7o 
004 

2 

2240 

0-25 

001 

3 

3110 

012 

0-003 

4 

2130 

0-21 

0-009 

5 

2490 

0-28 

001 

6 

2900 

0-38 

0-01 

7 

2105 

0-36 

0017 

8 

1530 

0-64 

0-04 

9 

1850 

016 

0-008 

10 

500 

0-29 

OOG 

the  extremes  of  temperature  met  with  have  an  important  bearing  on  the 
intake  of  fluids  and  the  amount  which  is  excreted  by  the  kidneys,  and,  there- 
fore, on  the  quinine  concentration  in  the  urine.    The  percentage  of  quinine 
excreted  in  the  urine  in  at  least  three  out  of  the  ten  cases  is  sufficient  to 
excite  haemolysis  of  human  or  other  red  cells.   Such  percentages  as  0-06  and 
0-04   fall   within   the   limit   of   quinine   concentration    capable   of   exciting 
haemolysis,  when  the  bi-hydrochloride  is  dissolved  in  saline,  or  even  in  urine 
as  shown  in  Table  B.    Further,  we  must  allow  for  the  fact  that  quinine 
bi-hydrochloride  contains  only  81-6  per  cent,  of  alkaloid.    Of  course  it  is 
possible  that  quinine  is  present  in  greater  concentration  in  the  urinary  tract 
at  some  period  of  its  excretion  than  the  above  records  show.    Marshaux's 
observation,  quoted   by  Stephens,  that  "during   the   period  of   haenie>glo- 
binuria    quinine   cannot   be   detected    in    the    urine,    but    reappears   on    its 
cessation,"  is  now  know^n  to  be  incorrect.    In  Table  D  the  re\sults  of  the 
analytical  investigations  of  the  urine  in  cases  of  blackwater  fever  are  re- 
corded, and  in  all  instances,  but  e)ne,  the  observations  were  made  at  the 
height   of  the  haemoglobinuria.    In   each  case,   the  whe)le  sample  of  urine 
passed  during  24  hours  was  collected,  the)re)ughly  mixed,  and   1(K)-2(H)  c.c. 
were  set  aside  for  the  cpiinine  estimation.   The  percentage  e)f  ejuinine  alkaloid 
obtained  in  each  e-ase  is  leeorded  toLrother  with  the  amount  of  rpiinine  intake 
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when  it  was  known.    It  would  be  incorrect  to  make  an  absolute  connparison 
between  the  results  recorded  in  Tables  C  and  D,  but  the  evidence  at  hand 
shows  that  the  percentage  of  quinine  alkaloid  in  the  urine  in  cases  of  black- 
Table  D. 

Amount  of  Quinine  Alkaloid  recovered  from  fir  Urine  in 
ten  cases  of  Blackwater  Fever. 

The  rosiilts  of  the  examination  of  the  urine  in  ten  eases  are  recorded,  and  are  expressed 
in  a  tabular  form,  as  follows  : 

juinine 

1k;ilnwl 

Amount  of  (juinine  administered  immediately 
preceding  or  during  the  acute  illness 

90  o;rains  in  3  days 

GOO  grains  in  3  weeks  immediately  preceding  attack 

89  grains  intravenously  and  30  grains  orally  during 

attack 
40  grains  in  the  24  hours  previous  to  the  estimation 
No  record 

75  grains  in  last  3  days 
No  record 
No  record 

30  grains  3  days  previously 
No  record 
No  record 

*  This  sample  was  obtained  immediately  the  urine  was  free  from  haemoglobin. 

water  fever  during  the  height  of  the  disease  and  in  malaria  may  approximate, 
and  that  the  quinine  concentration  may  be  sufficient  to  excite  haemolysis  of 
human  red  cells. 

Nierenstein  (1919)  described  his  experimental  results  with  the  urine  obtained  from 
cases  of  blackwater  fever.  He  isolated  a  substance — haemoquinic  acid — a  disintegration 
product  of  quinine,  which  has  pronounced  haemolytic  properties  on  human  and  sheep 
red  cells.  The  urine  from  13  cases  of  blackwater  fever  w\as  examined  in  which  this 
substance  was  obtained  on  twelve  occasions.  Nierenstein  suggests  that  there  is  a  possible 
relationship  between  the  formation  of  haemoquinic  acid  in  the  organism  and  the  pro- 
duction of  blackwater  fever,  which  could  be  described  as  a  specific  quinine  "idiosyncrasy" 
since  apparently  in  blackwater  fever  haemoquinic  acid  is  produced  in  larger  quantities 
than  in  cases  of  malaria  with  rigors,  the  ratio  being  578:  1.  He  showed  in  this  paper  that 
in  42,000  c.c.  of  mixed  urine  from  malarial  patients  the  amount  of  haemoquinic  acid 
obtained  was  0-3  grm.,  while  in  21,000  c.c.  of  urine  from  cases  with  malarial  rigors  it  amounted 
to  0-18  grm.,  and  in  8400  c.c.  of  urine  from  cases  without  rigors  none  was  found.  Con- 
trast the  results  obtained  by  Nierenstein  in  three  out  of  13  blackwater  fever  cases  where 
he  found  (1)  5090  c.c.  with  0-36  grm.,  (2)  1840  c.c.  with  0-28  grm.,  and  (3)  3370  c.c.  with 
0-32  grm.  No  records  however  are  given  of  the  haemolytic  action  of  haemoquinic  acid  on 
human  or  sheep  red  cells  to  which  reference  is  made.  Further,  it  must  be  fully  recognised 
that  the  haemolytic  action  of  quinine  preparations  and  of  other  substances  in  vitro,  cannot 
be  taken  as  an  index  of  haemolysis  by  the  same  substances  when  present  in  the  blood  and 
tissues  of  man  and  animals. 


No.  of 
case 

Amount  of 
urine  em- 
ployed in 

estimation 

Quinine 
alkaloid 
in  sample 
of  urine 

c.c. 

-/o 

18 

125 

0029 

21 

150 

0009 

22* 

145 

0046 

24 

100 

0005 

26 

125 

0029 

30 

125 

0-006 

32 

125 

0009 

37 

200 

0017 

48 

200 

0005 

50 

170 

00015 

52 

180 

0004 

L.  S.  DiiDGKON  235 

(r)   QuiNiNK  Administration  in  Kahhits,  in  which  Complktk 
Occlusion  ok  riiK  IIkktkks  had  i'.kkn  i'krfokmkd. 

Theso  cxpcriiuciils  were  (•.(nidiiotcd  lor  1  he  pinitosc  of  ascortainin^  whother 
liiMMuoulohiiuiria,  or  a  (''oiKlit ion  siiiiil;ii-  to  hhick'wator  fever,  could  be  induced 
ill  liibhils  ill  wliich  the  ureters  were  cornph^tely  occluded,  if  (piiiiiiie  was 
administered  intravenously,  or  intramuscularly,  just  previous  to  the  li^^^ation, 
or  subsecjuently.  It  is  well  known  that  (juinine  is  (^xcrcited  niaiidy  in  the 
urine  and  to  a  much  less  extent  by  the  intestinal  tract  and  by  the  sweat 
glands.  Hartmann  and  Zila  (1918)  consider  that  40  per  cent,  of  administered 
quinine  is  excreted  in  the  urine  and  faeces,  the  rest  is  not  deposited  in  the 
organs  and  must,  therefore,  be  destroyed.  After  intravenous  injection,  they 
state  that  the  amount  in  the  blood  sinks  rapidly  at  first  and  afterwards  more 
slowly,  while  there  is  no  quinine  in  the  blood  eight  hours  after  the  injection 
of  0-5  grm.  Oral  administration,  on  the  other  hand,  gives  a  more  constant 
quinine  level  which  is  retained  for  about  24  hours.  It  was  thought  possible 
if  sudden  suppression  of  urine  was  induced  in  rabbits,  and  at  the  same  time 
quinine  was  administered  freely,  that  in  the  few  days  allotted  for  such  experi- 
ments haemolytic  phenomena  might  be  induced,  owing  to  storage  of  quinine 
in  the  blood  and  tissues.  Five  rabbits  were  selected  for  these  experiments, 
numbered  a,  b,  c,  d,  and  e.  The  abdomen  was  opened  in  each  case,  and  both 
ureters  were  tied  high  up  near  the  renal  pelvis.  Death  occurred  from  the 
third  to  the  seventh  day.  Rabbits  a  and  c  were  used  for  control  purposes. 
In  these  animals  the  ureters  were  tied,  but  quinine  was  not  administered, 
while  in  the  case  of  rabbits  d  and  e  quinine  injections  were  given  to  the  animals 
intravenously  after  ligation  of  the  ureters,  and  with  rabbit  6,  before  the 
operation  it  was  injected  intramuscularly,  and  subsequently  intravenously. 
The  concentrations  of  the  quinine  solutions  employed  were  1  per  cent,  and 
5  per  cent,  of  the  bi-hydrochloride  in  saHne,  which  are  known  to  actively 
haemolyse  animal  red  cells  in  vitro.  Quinine  administration  in  man  is  at 
times  controlled  by  giving  known  quantities  of  the  alkaloid  per  body  weight 
for  the  treatment  of  malaria.  This  method  in  my  opinion  is  a  mistake  because 
two  individuals  of  vastly  different  weights  do  not  necessarily  show  any 
difference  in  their  quinine  tolerance.  The  rabbits  employed  in  these  experi- 
ments received  an  excess  of  quinine  on  the  body  weight  ratio. 

Rabbit  b.  This  rabbit  was  weighed  daily  for  tliree  weeks,  and  was  injected  in  the 
various  muscles  with  1  c.c.  of  a  1  per  cent,  solution  of  bi-hydrochloride  of  quinine  in  saline. 
At  the  completion  of  three  weeks'  quinine  treatment,  both  ureters  were  tied,  and  two 
injections  of  1  c.c.  of  the  1  per  cent,  solution  of  (piinine  were  given  intravenously.  The 
animal  died  two  days  later.  The  blood  was  examined  during  life,  but  there  was  no 
haemoglobinaemia. 

Poft- mortem  e:caminatinn.  Both  kidneys  were  very  large,  very  pale  and  soft,  and  showed 
distension  of  the  ureters  proximal  to  the  ligatures,  and  of  the  pelvis  and  calices  of  each 
kidney.  The  fluid  obtained  from  the  distended  ureters  was  a  reddish  lirown  colour  and 
showed  masses  of  red  cells  with  some  slight  degree  of  luuMiiolysis,  and  contain('<l  inimorous 
epithelial  cells.    Professor  Hugh  Afaclean  extracted  00035  grm.  of  alkaloid  quinine  from 
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the  concentrated  urine.  There  was  no  jaundice,  and  the  spleen  and  liver  showed  no  re- 
semblance to  the  naked  eye  changes  met  with  in  black  water  fever. 

M icroscopkally.  Kidneys.  There  was  no  free-iron  present.  Traces  of  fine  fat  droplets 
were  seen  in  the  epithelial  cells  of  the  convoluted  tubules.  There  was  no  resemblance, 
however,  in  either  kidney  to  the  lesions  found  in  blackwater  fever. 

Rabbits  d  and  e.  The  ureters  of  both  these  rabbits  were  tied,  antl  then  two  intravenous 
injections  of  1  c.c.  of  a  1  per  cent,  solution  of  the  bi-hydrochloride  in  saline  were  given  on 
the  day  the  ureters  were  occluded,  while  four  subsequent  injections,  at  daily  intervals,  of 
1  c.c.  of  a  5  per  cent,  solution  of  the  bi-hydrochloride  were  employed. 

The  blood.  This  was  examined  on  several  occasions  but  there  was  no  haemoglobinaemia, 
and  no  bile  pigment  in  the  plasma. 

Post-ynortem  examination.  One  rabbit  died  in  five  days  and  the  other  in  seven  days,  but 
the  changes  found  were  similar  in  t^ach  instance.  The  kidneys  were  very  enlarged,  very 
pale,  and  soft,  and  contained  turbid  Huid  which  distended  the  pelvis  of  each  kidney  and 
the  calices.  The  deposit  in  each  instance  contained  hyaline  casts  and  red  blood  cells  and 
some  blood  debris,  but  the  urine  did  not  resemble  that  excreted  in  blackwater  fever.  The 
slight  degree  of  haemolysis  which  did  occur  could  be  explained  by  the  concentration  of 
the  urine  in  the  distended  pelvis  of  each  kidney.  The  urine  from  rabbit  d,  cleared  by  centri- 
fugalisation  and  diluted  with  saline  1  in  5,  showed  marked  haemolysis  in  two  hours  at 
37°  C.  on  a  2-5  per  cent,  suspension  of  washed  rabbit  red  cells  in  saline,  but  none  with  a 
5  per  cent,  suspension.  The  spleens  were  not  enlarged  or  altered  in  colour  and  there  were 
no  microscopical  changes  in  the  tissues,  such  as  occur  in  blackwater  fever. 

The  control  rabbits,  a  and  c,  were  employed  so  as  to  compare  the  effects 
on  the  kidneys  and  urine  of  complete  occlusion  of  the  ureters  apart  from 
quinine  administration,  but  tlie  results  were  similar.  The  debris  from  the 
pelvis  of  each  kidney  showed  some  red  cells,  together  with  epitheUal  cells, 
but  no  casts.  There  were  no  changes,  however,  in  the  kidneys  microscopically 
as  met  with  in  blackwater  fever. 

Conclusion.  The  eflect  of  complete  occlusion  of  both  ureters  in  rabbits 
while  quinine  is  being  given  or  has  been  given  intravenously  or  intra- 
muscularly does  not  induce  a  condition  resembling  blackwater  fever,  in  any 
respects. 

SECTION  VI. 
ON  THE  EXMIINATION  OF  THE  URINE  IN  BLACKWATER  FEVER. 

I.  Agglutination  of  red  cells  in  the  urine  in  blackwater  fever.  A  study  of  the 
microscopical  changes  in  the  kidneys  in  blackwater  fever  may  reveal  the 
presence  of  "clumped  red  cells"  lying  in  the  lumen  of  the  convoluted  and 
other  tubules.  The  agglutinated  red  cells  may  present  a  striking  picture  in 
sections  of  the  kidneys  obtained  in  the  acute  stages  of  this  disease.  For  this 
reason  the  urine  was  examined  for  the  presence  of  agglutinated  red  cells, 
which  were  demonstrated  on  four  occasions.  In  many  instances  several 
samples  of  urine  were  examined  from  the  same  case.  The  appearances  of  the 
clumped  red  cells  mixed  with  dark  blood  stained  urine  were  quite  character- 
istic, although  as  far  as  I  am  aware  they  have  not  been  referred  to  previously, 
while  these  agglutinated  red  cells  in  the  urine  were  found  to  be  very  abnormal. 
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III  each  case  an  idciilical  rcsull  was  ohlaiiu'd.  Tlic  cIiiiiiixmI  red  vv}\h  were 
well  washed  in  saline,  and  then  treated  witli  jxtw cil'nl  haenmlytic  agents  such 
as  (list  iUed  water  and  hih'  salts  ah)ne  (»i-  w  it  li  the  a<  hi  it  ion  of  calcium.  It  was 
found  that  these  red  cells  showed  jjicat  icsistanee  to  these  reagents,  and 
furthei-  ealeiuni  did  no/  intensify  th<'  haeinolytic  action  of  bile  salts,  but 
induced  an  opposite  effect. 

These  ex])eriinents  were  carefully  controlled  because  of  the  exceptional 
findings,  in  fact,  owin^  to  the  increased  resistance  to  haemolysis  it  was 
doubted  at  first  wliether  these  particles  were  really  clnniped  red  cells,  but  the 
action  of  bile  salts  furnished  the  necessary  proof.  It  would  appear,  tlierefore, 
that  red  cells  wliich  had  resisted  haemolysis  were  excreted  in  the  urine,  but 
were  protected  from  liaemolytic  agents  probably  owing  to  the  formation  of 
a  coat  of  some  colloidal  substance. 

Dudgeon  (1918)  has  shown,  as  already  stated,  that  the  addition  of  calcium  to  hile  salts 
increases  their  haemolytic  action,  but  in  the  case  of  the  agglutinated  red  cells  found  in  the 
urine  in  blackwater  fever,  calcium  has  an  exactly  opposite  effect. 

Case  Type  of  case  Examination  of  the  clumped  red  cells  in  the  urine 

1         Rapidly  fatal  case  with        Did  not  haemolyse  in  distilled  water.    Haemolysed  with  bile 
haemorrhages.  salts,  but  not  with  the  addition  of  calcium. 

23       Rapidly  fatal  case  with        The  clumps  of  red  cells  showed  marked  haemolysis  in  bile 
haemorrhages.  salts,  but  there  was  no  increased  haemolytic  action  on  the 

addition  of  calcium. 

51       Rapidly  fatal  case  with        2  %  bile  salt  induced  slight  haemolysis  at  37"  C,  but  none 
haemorrhages.  with  distilled  water. 

55       Recovered.  1  %  bile  salt  induced  marked  haemolysis  in  4  hours  at  37"  C.» 

but  none  in  the  presence  of  calcium. 

2.  On  the  presence  of  spirochaetes  in  the  urine.  Film  preparations  were 
made  of  the  centrifugaUsed  deposit  and  stained  by  the  original  Levaditi 
method,  or  that  of  Fontana  Tribondeau,  or  in  those  cases  in  w^hich  a  very 
abundant  deposit  was  obtained  sections  were  cut  of  it  after  fixation  in 
Kaiserhn  and  staining  the  sections  by  one  of  the  silver  methods.  No  spiro- 
chaetes were  found,  however,  by  any  of  the  methods  employed  in  the  35 
samples  of  urine  investigated.  This  result  corresponds  to  the  negative  findings 
referred  to  elsewhere  when  the  various  tissues  were  examined  from  cases  of 
blackw^ater  fever.  The  absence  of  spirochaetes  from  the  urinary  deposit  in 
every  case  is  also  of  interest  in  view  of  the  statements  made  that  the  urine 
in  health  among  the  soldiers  in  the  Allied  Forces  contained  spirochaetes  apart 
from  any  true  spirochaetal  infection.  Fiessinger  (1918)  considered  from  his 
investigations  that  spirochaetes  are  found  in  the  urine  in  about  1  in  45  of 
normal  persons. 

In  numerous  cases,  the  fresh  urine  obtained  during  the  height  of  the 
attack  of  blackwater  fever  was  injected  intraperitoneally  into  guinea  pigs, 
while  2i  hours'  samples  of  urine  were  sterilised  with  ether  according  to  the 
method  of  Fildes  and  Rajchman,  before  they  were  used  for  animal  inoculation. 
No  positive  results  were  obtained,  however,  with  any  of  the  sam])Ies  which 
were  used  for  inoculation  pur})oses.    In  one  instance  a  guinea  pig  which  had 


238  Blackwater  Fe'oer 

been  injected  with  the  urine  from  a  case  of  black  water  fever  showed  spiro- 
chaetes  in  the  liver.  It  was  the  only  animal  in  which  spirochaetes  were  found 
in  the  whole  series,  but  unfortunately  no  transference  experiments  were  made 
as  the  organisms  were  not  found  until  sections  had  been  prepared.  In  1917, 
Major  A.  L,  Urquhart,  O.B.E.,  R.A.M.C.,  and  I  carried  out  certain  investiga- 
tions on  cases  of  sand  fly  fever  in  the  Struma  valley.  In  these  experiments, 
blood  obtained  by  vein  puncture  during  the  height  of  an  attack  of  sand  fly 
fever,  was  injected  into  guinea  pigs,  and  after  a  definite  interval  the  livers 
of  these  pigs  were  injected  into  other  pigs.  Spirochaetes  were  found  in  the 
liver  tissue  of  three  pigs  which  were  not  related  to  our  experiments.  These 
facts  are  referred  to  here  because  they  show  that  spirochaetes  are  found  in 
the  liver  of  guinea  pigs  in  conditions  of  apparent  health,  and  are  not  ne- 
cessarily pathogenic.  The  guinea  pigs  were  obtained  from  Egypt  and  Malta 
and  the  health  of  these  animals  on  the  whole  was  about  the  average. 

3.  On  the  presence  of  acetone  and  diacetic  acid.  The  urine  from  43  cases  of  blackwater 
fever  was  examined  for  the  presence  of  acetone  and  diacetic  acid  at  the  height  of  the 
haemoglobinuria.  On  37  occasions  the  acetone  reaction  was  negative,  and  positive  in  six 
cases,  while  tiie  reaction  for  diacetic  acid  was  negative  in  39  out  of  the  43  samples  examined. 
The  tests  were  frequently  applied  to  the  fresh  samples  and  to  the  24  hours'  specimens. 
In  most  instances,  the  examinations  were  made  by  Capt.  C.  E.  C.  Ferrey,  O.B.E.,  R.A.M.C., 
Analytical  Chemist  to  the  Army  in  the  Balkans.  The  large  number  of  negative  results  for 
acetone  and  diacetic  acid  is  of  importance.  Burkitt  (1915)  states  that  the  urine  is  highly 
acid  in  blackwater  fever  and  contains  acetone,  and  recommended  calcium  chloride  and 
potassium  or  sodium  bicarbonate  for  the  treatment  of  this  disease.  While  at  a  later  date 
gum  arabic  6  per  cent,  in  bicarbonate  of  sodium  has  been  regarded  of  the  utmost  value. 

4.  On  the  presence  of  haemohjtic  siibstances  in  the  urine.  Urine  obtained  from  many 
cases  of  blackwater  fever  at  the  onset  of  the  attack  was  tested  on  the  autogenous  and 
other  samples  of  human  red  cells  other  than  those  from  cases  of  blackwater  fever,  and  sheep 
red  cells.  24  hours'  samples  of  urine  were  tested  after  centrifugalisation,  and  sterilisation 
with  chloroform  at  45°  C,  on  5  per  cent,  washed  red  cells  with  and  without  the  addition  of 
human  or  guinea  pig  complement  employed  at  various  dilutions,  but  in  no  instance  was 
haemolysis  induced.  Weak  solutions  of  quinine  in  saline  were  added  to  the  steriUsed  urine 
and  red  cells,  but  no  haemolysis  occurred. 

5.    On  the  injection  of  the  urine  from  cases  of  blackwater  fever  into  rabbits. 
The  urine  was  sterilised  at  45°  C.  with  chloroform,  previous  to  the  inoculations. 

1.   Rabbit  1.   Injected  intravenously. 

Amount  Weight 

Date  CO.  grms. 

30.  vi.  18  0-75  M63 

1.  vii.  18  1  — 

2.  vii.  18  2  — 
5.  vii.  18  1  — 
8.  vii.  18  2  — 

12.  vii.  18  2  — 

17.  vii.  18  —  1095 

The  rabbit  showed  no  ill  effects  from  the  inoculations  and  presented  no 
abnormal  blood  changes. 
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2.    Ihthhit  2.    This  iiiiiiiial  was  iiijccl cd   iiitraperitoiically  witli  tlie  urine 
Iroiii  hlackwaf ('!•  fcNcr  (;ase8  Htorili.scd  as  above. 


AimoiimI. 

VVfUMht 

1  )ii(c 

c.c. 

kiloH 

5.  vii.  IH 

2 

M50 

H.  vii.  IS 

2 

— 

12.  vii.  IS 

2 

— 

17.  vii.  IS 

— 

1115 

This  animal  showed  no  ill  eflects  from  the  inoeulations. 

The  11  rineem])loy(HH()r  these  injections  into  rabbits  1  and  2  was  mixed  samples 
obtained  from  cases  of  blackwater  fever  during  i\ni  acute  stages  of  th(!  disease. 

6.  On  the  rapid  changes  which  occur  in  the  urine  durimj  an  attack  of  black- 
water  fever.  Very  rapid  changes  occur  in  the  urine  in  blackwater  fever  as  the 
disease  responds  to  treatment.  Albumen  oxy-  or  met-haemoglobin,  and  debris 
which  so  suddenly  appear  at  the  onset  of  the  disease  and  are  followed  by  an 
abundance  of  renal  cells  and  casts,  as  rapidly  disappear,  and  the  urine  returns 
to  the  normal.  The  whole  process  may  be  completed  within  a  few  days. 
The  rapid  improvement  found  in  the  urine  is  in  accordance  with  the  results 
of  the  microscopical  examination  of  the  kidneys  after  blackw^ater  fever,  more 
especially  in  comparison  with  the  active  changes  present  in  cases  which  have 
succumbed  during  the  acute  stages  of  the  disease. 

The  changes  which  the  urine  undergoes  can  be  divided  into  three  stages 
as  follows: 

1st  stage.    Albuminuria,  haemoglobinuria  and  abundance  of  debris. 
2nd     ,,       Abundance  of  renal  cells  and  casts. 
3rd     ,,        The  return  to  the  normal. 

The  records  of  three  cases  referred  to  here  are  taken  from  data  supplied 
to  me  by  Capt.  J.  F.  Taylor,  R.A.M.C.,  Pathologist  to  52nd  General  Hospital 
in  the  Balkans,  to  whom  I  am  most  grateful. 

Case  1. 

Time       Amount 

Analysis 

Dark  lager.   Albumen.   Oxy  haemoglobin  debris  abundant 

>>  >>  >> 

Dark  sherry  colour,  otherwise  same 
Pale  sherry.    Albumen  and  oxyhaemoglobin  as  before.  Plenal 

cells  and  casts  abundant 
Pale  yellow,  no  albumen,  no  spectrum,  renal  casts  present 

>j  »»  " 

Pale  yellow,  no  albumen,  no  spectrum,  no  cells,  no  casta 

Dark    porter.     Albumen.      Oxyhaemoglobin.      licnal    cells. 
Granular  debris.   Some  granular  casts 

»»  »>  »» 

»«  »»  »• 

Pink.    Albumen  trace.    No  spectnim.    Few  granular  casta 

and  ei)ith('lial  cells 
Yellow.    Albumen  faint  trace.    Large  number  of  cells  and 

granular  casts 
Yellow.    No  albumen.    No  casts.    Few  renal  cells 
Yellow.    Urine  normal  except  for  few  renal  cells 


Time 

Amount 

Date 

hrs. 

c  c. 

(1) 

7.   iii.  18 

9.00 

150 

(2) 

>> 

11.15 

130 

(3) 

>> 

14.5 

220 

(4) 

if 

18.30 

230 

(5) 

8.   iii.  18 

1.00 

120 

(6) 

»» 

11.00 

100 

(7) 

>» 

19.15 

140 

Case  2.   Pte  B. 

23.  iii.  18 

10.00- 
IS.OO 

320 

24.  iii.  18 

11.00 

200 

»> 

14.00 

527 

25.   iii.  18 

— 

— 

20.   iii.  IS 

— 

— 

27.  iii.  18 

— 



29.   iii.  18 

— 

— 

Date 

Time 
tirs. 

Amount 
c.c. 

11. 

xii.  17 

8.00 

— 

>> 

22.00 

— 

12. 

xii.  17 

— 

— 

12. 

xii.  17 

12.00 



13. 

xii.  17 

— 

— 

19. 

xii.  17 

— 

— 
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Case  3.   RJl.  J. 

i       Amount 

Anulyuis 

Oxyhaeinoi^Iobin.     Dark   red   with    black  granular  deposit. 

Albumen 

No  absorption  bands  present 

Almost  normal  urine   to  look  at.    Albumen.     Degenerated 
epithelial  cells  and  few  granular  and  epithelial  casts.  Debris 

Trace  of  albumen  and  granular  casts.    Some  debris 

Trace  of  albumen.   Granular  casts 

Urine  normal 

Many  other  cases  could  be  cited  which  show  siniihir  results,  but  no  advan- 
tage would  be  gained  by  useless  repetition. 

Red  cells  which  are  present  in  relatively  small  numbers  rapidly  disappear 
from  the  urine  in  blackwater  fever  as  the  acute  stages  of  the  disease  subside, 
but  by  accurate  examinations  of  centrifugalised  samples  of  urine  red  cells  are 
found  to  occur  more  frequently  in  the  acute  stages  of  the  disease  than  is 
generally  believed  or  taught.  Warrington  Yorke,  in  1911,  refers  to  the  presence 
of  red  cells  generally  in  small  numbers  in  the  urine  during  the  period  of 
haemoglobinuria . 

7.  The  colour  of  the  urine  in  blackwater  fever.  Abnormal  variations  in  the  colour  of  the 
urine  in  this  disease  occur  in  a  more  exaggerated  degree  than  in  any  other  known  con- 
dition in  man.  The  urine  may  be  black  or  various  shades  of  brown,  or  deep  red  in  colour. 
The  spectra  of  oxyhaemoglobin  or  methaemoglobin  are  obtained,  or  both  spectra  occur  in  the 
same  sample,  one  or  other  in  greater  proportion. 

Burkitt  (1919)  considers  that  the  "blood  red"  urine  of  blackwater  fever  which  gives  a 
spectrum  of  oxyhaemoglobin  only  occurs  in  the  worst  cases.  Barratt  and  Yorke  ( 1909)  showed 
that  only  a  fraction  of  haemoglobin  injected  into  the  circulation  appears  in  the  urine,  the 
rest  is  employed  by  the  tissues.  They  also  showed  that  a  brownish  soluble  pigment  appears 
in  the  urine  as  the  haemoglobin  is  destroyed  which  does  not  give  the  characteristic  spectro- 
scopic bands. 

SECTION  VII. 

THE  SEASONAL  INCIDENCE  OF  BLACKWATER  FEVER  IN  RELATION 
TO  MALARIA  AND  CLIMATIC  CONDITIONS. 

In  53  per  cent,  of  the  100  cases  of  blackwater  fever  which  form  the  subject 
matter  of  the  present  communication,  the  disease  occurred  during  the  months 
of  March  and  April,  while  during  June  and  July  only  one  case  was  met  with. 

Climatic  conditions.  These  records  are  based  on  the  observations  made  by  the  Meteoro- 
logical Dept.  (R.E.)  G.H.Q.,  B.S.F.,  in  1917  and  1918.  The  findings  for  1916  are  omitted 
for  special  reasons.  In  1917,  the  absolute  maximum  temperature  for  February  and  the 
first  week  in  March  was  at  the  60°  level,  while  the  mean  temperature  varied  between  42° 
and  46°.  During  the  second  week  in  March  the  temperature  began  its  upward  rise  for  the 
summer  months.  The  absolute  maximum  varied  between  64°  and  78°  and  the  mean  daily 
temperature  from  48°-60°.  In  April,  the  absolute  maximum  fell  between  58°  and  80°, 
and  the  mean  daily  between  53°  and  60°.  The  wet  bulb  during  the  whole  of  this  period  was 
below  65.  This  brief  reference  to  temperature  refers  to  the  observations  made  in  Salonika, 
but  the  records  taken  on  the  Doiran  front  were  at  a  slightly  lower  level,  while  on  the  Struma 
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front,  (lie  ((MiipriMt  wi'cflduring  tho  periods  rcfmcd  lo  ucic  hoi  h  Hli^lif  ly  Ix-Iou  ;iii<l  ,i  l)(j\ c  j  Ik; 
Salonika  records.  In  l!MH.  (he  first  three  weeks  of  l''el)inary  showi'd  an  ahscjiute  niaxinunn 
between  (K)  and  ()7  ,  and  a  mean  daily  \vhi(;h  varied  between  12'  and  48',  wliil(^  during  the 
last  week  in  February  'iiid  the  tirwt  fortnight  in  March  all  t<'m|)eratureH  were  at  a  Htill  lower 
level.  The  al)solut(«  niaxinunii  records  for  the  rest  of  March  ami  April  varied  between  70^  and 
80"  and  the  mean  daily  between  17"  and  ()2".  Both  the  absolute  maximu;«waiid  the  mean  daily 
temperature"  on  the  iJoiran-N'ardar  aectoi  and  the  Struma  front  were  at  a  Hiightly  lower 
Icxei  than  is  recorded  for  Salonika.  The  wet  bulb  rccordH  at  thcBc  peritxlH  were  below  05. 
It  will  be  seen  from  the  brief  reference  to  the  climatic  conditions  that  the  temperature  was 
commenciui;  to  rise  in  March  from  the  low  winter  records,  while  at  the  end  of  this  month  and 
during  April  the  rise  was  very  delinite,  and  it  is  during  this  |>eriod  between  th(!  extreme 
cold  of  winter  and  the  heat  of  summer  that  blackwater  fever  was  most  common  in  the  iialkans. 
As  soon  as  the  extreme  heat  of  June  and  July  occurred  blackwater  fever  became  a  negligible 
factor. 

Malaria.  The  total  deaths  from  malaria  (hirin<^  the  months  of  February, 
March,  and  April  1917  were  four  in  number,  and  for  1918  durin^^  the  same 
periods  they  amounted  to  twelve.  A  lar<^er  number  of  deaths  occurred  in  one 
day  in  the  summer  months  than  in  three  months  in  this  season  of  the  year. 
These  results  clearly  show  that  the  lowest  death  rate  from  malaria  is  the 
period  when  blackwater  fever  is  at  its  height.  The  figures  about  to  be  quoted 
refer  to  the  official  returns,  and  to  the  findings  of  the  various  laboratories 
attached  to  the  British  Force,  but  the  official  returns  include  the  cases 
diagnosed  on  clinical  evidence  in  addition  to  those  in  whom  the  parasites 
were  found.  Both  records  show,  however,  that  at  this  season  of  the  year 
malaria  is  very  largely  of  the  benign  tertian  type,  while  further  it  is  figured 
that  the  rise  in  the  malarial  incidence  has  definitely  begun.  The  laboratory 
findings,  illustrated  in  the  second  and  third  transverse  line  of  figures,  clearly 
show  that  blackwater  fever  occurred  at  the  period  of  each  vear  when 
malignant  malaria  was  at  its  lowest  limit.  In  one  week  in  the  late  summer 
months  as  many  as  200-300  cases  of  maHgnant  malaria  would  occur. 

Malaria.    1917. 

February 


March 


1918. 


April 


February 


March 


April 


262 

217 

253 

.381 

— 

Total  admissions 

89 

138 

162 

214 

— 

Benif,m  tertian 

14 

7 

6 

6 

— 

Malisrnant  malaria 

378 

459 

470 

551 

675 

Total  admissions 

164 

213 

246 

249 

261 

Beniim  tertian 

4 

25 

5 

4 

4 

Mali^mant  malaria 

568 

487 

.561 

617 

— 

l^otal  admissions 

202 

244 

281 

270 

— 

Beni;.Mi  tertian 

1  • 

2 

0 

0 

— 

Malignant  malaria 

563 

662 

744 

818 



Total  admi.ssions 

181 

203 

252 

288 

— 

Benign  tertian 

57 

23 

2 

29 

— 

Malignant  malaria 

8S2 

7()3 

1059 

1154 

1249 

Total  admi.'^sions 

348 

389 

376 

387 

310 

Benign  tertian 

12 

17 

5 

7 

3 

Malicrnant  malaria 

510 

1443 

1509 

1172 

— 

Total  admi.'vsions 

410 

337 

380 

392 

— 

Benign  tertian 

0 

2 

0 

0 

— 

Malignant  malaria 
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In  conclusion  I  wish  to  otter  my  sincere  thanks  to  my  various  colleagues 
in  the  Balkans  durin*^  191G,  17  and  18  for  the  assistance  rendered  on  numerous 
occasions.  I  am  especially  indebted  to  Captains  C.  E.  C.  Ferrey,  O.B.E., 
Cecil  Clarke  and  Arthur  Wilkin,  R.A.M.C.  and  to  Corporal  F.  Panichelli, 
M.8.M.,  for  conjtl^'ucting  suitable  apparatus  from  the  limited  material  at  his 
disposal. 

SUMMARY. 

The  cliief  facts  learnt  from  these  investigations  on  blackwater  fever  are 
summarised  briefly  here  in  the  order  in  which  they  are  detailed  in  the 
sections. 

1.  True  jaundice,  due  to  the  presence  of  bile  pigment  in  the  plasma, 
occurred  in  a  high  percentage  of  the  cases  which  ended  fatally.  Haemo- 
globinaemia,  varying  from  a  deep  red  coloration  of  the  plasma  to  a  faint 
tinging,  occurred  in  the  acute  stages  of  the  disease.  There  was  no  evidence 
of  auto-agglutination  or  auto-haemolysis.  The  fragility  of  the  red  cells  was 
unaltered.  No  relationship  between  syphilis  and  blackwater  fever  was 
obtained.  Spirochaetes  were  not  demonstrated  in  the  blood  in  any  instance. 
In  the  hundred  cases  in  this  series,  a  malarial  history  was  obtained  in  every 
instance,  and  without  exception  the  infection  was  contracted  in  the  Balkans 
during  1915-1918.  The  only  blood  parasites  found  were  Plasmodium  vivax 
and  Plasmodium  falciparum. 

2.  The  most  important  tissue  changes  were  as  follows:  Fatty  degeneration 
of  the  myocardium.  Reduction  of  the  fat  lipoid  content  of  the  adrenal  gland. 
Enlargement  of  the  Malpighian  corpuscles  of  the  spleen  due  to  various 
changes  in'the  endothelial  centres.  Recent  or  chronic  perisplenitis  was  present 
in  every  instance.  The  other  changes  in  the  spleen  were  numerous  and 
variable  and  due  to  blood  destruction  and  malaria.  Haemorrhages  in  the 
liver  tissue  and  foci  of  central  necrosis,  in  which  reactionary  changes  had 
occurred,  were  met  with  in  many  instances.  Inspissation  of  the  bile  in  the 
gall  bladder  and  bile  passages  was  of  common  occurrence. 

The  changes  in  the  kidneys  during  the  acute  stages  of  blackwater  fever 
were  very  pronounced,  but  complete  recovery  rapidly  ensued  during  the 
period  of  convalescence  without  subsequent  nephritis  as  far  as  the  informa- 
tion available  indicated.  Spirochaetes  were  not  found  in  any  of  the  tissues 
in  this  disease.  Scattered  haemorrhages  occurred  in  the  most  rapidly  fatal 
cases. 

3.  From  alcoholic  and  acetone  extracts  of  the  dried  residue  of  the  urine, 
obtained  during  the  period  of  haemoglobinuria,  haemolytic  substances  w^ere 
demonstrated.  From  alcoholic  and  acetone  extracts  of  the  dried  organs  very 
active  haemolytic  substances  were  obtained,  more  especially  from  the  acetone 
extracts. 

The  alcoholic  extracts  of  the  urine  were  more  potent  than  the  acetone  in 
the  three  cases  which  recovered.    Similar  results  were  not  obtained  by  ex- 
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tract  iiiLi,  ihc  dried  visccia   from  cases  olliei-  than   hlackwatcr  fevMT,  iii(;luding 
malaria. 

4.  'rin*re  was  no  evidence  that  (|iiiiiiiie  administered  l)y  any  mcitliod 
durini;  an  attack  of  hhickwatcir  fever  in(i(;ased  the  severity  oi-  influenced 
tlie  |)r()<j;r(\ss  of  tiic  disea.so  apart  fiom  its  ofTects  on  mahuia.  C^ninim*  ad- 
niinistorod  to  animals  rcndi^rod  anaemic  did  not  excite  liaemo;.^lobina(imia. 
Quinine  was  obtained  from  the  urine  })y  extraction,  during  the  |)(!riod  of 
liaemo^lobinuria,  in  amounts  whicli  correspoiuh'd  to  those  obtained  in  the 
mahirial  cases.  Rabbits  injected  with  cjuinine  previous  to  and  durin;^  the 
period  when  botli  ureters  were  ligatured  failed  to  develop  haemoglobinaeinia 
or  haemoglobinuria. 

5.  The  urine  in  cases  of  blackwater  fever  rapidly  returns  to  the  normal 
from  the  period  of  haemoglobinuria.  Clumps  of  red  cells  which  possess  certain 
characteristics  were  found  in  the  urine  in  some  cases.  Clumps  of  tcA  cells 
were  of  common  occurrence  in  the  tubules  of  the  kidneys.  The  injection  of 
sterilised  urine  from  cases  of  blackwater  fever  obtained  during  the  period  of 
haemoglobinuria  failed  to  produce  any  ill  effects  in  animals. 

6.  Blackwater  fever  was  most  frequently  met  with  during  the  months  of 
March  and  April,  at  the  time  when  the  temperature  was  at  the  commence- 
ment of  its  upward  summer  rise.  No  evidence  was  obtained  that  blackwater 
fever  is  in  any  way  related  to  anaphylaxis.  It  was  not  possible  to  employ  any 
method  to  demonstrate  whether  blackwater  fever  is  due  to  a  filter  passer. 
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SOME   FA(nX)llS  IN  I^HKIIIVIAL  SANriAlION 

IN  thh:  tiiopics. 

T^v  HEORCJE  WALTER  (iRABTTAM,  M.A.,  F.iJ.S. 
(With  riatft  I,  3  Charts  and  3  Tcxt-fi<rs.) 

INTIiODUCrrORY. 

In  torrid  regions,  thermal  environment  is  of  very  great  importance  as  regards 
comfort  and  certainly  influences  the  health  and  efficiency  of  wliite  men.  The 
human  race  may  have  arisen  under  the  influence  of  climates  similar  to  tliose 
now  prevailing  in  the  Tropics  where  indigenous  peoples  sojourn  in  an  almost 
natural  state  with  little  protection  against  either  heat  or  cold.  The  European 
brings  with  him  his  native  conventions  as  regards  houses  and  clothing,  de- 
veloped, in  the  case  of  Britons,  in  quite  northern  regions,  where  the  human 
race  requires  protection  against  cold.  These  may  be  more  or  less  unsuitable 
for  tropical  heat  but,  being  conventions,  they  cannot  be  lightly  thrown  aside. 
European  clothes  afford  protection  against  disease-carrying  insects,  poisonous 
stings  and  bites,  and  the  question  arises  as  to  the  best  way  to  modify  them  to 
suit  the  hot  climate.  In  any  case,  the  northern  European  in  the  Tropics  is 
in  an  abnormal  climatic  environment  and,  though  he  may  survive  a  long 
time,  there  can  be  little  doubt  that  he  rarely  enjoys  his  natural  robustness 
of  health  with  the  result  that  even  trivial  ailments  assume  serious  aspects. 
It  appears  that  there  is  a  much  narrower  margin  of  health  stability,  and  pro- 
portionately greater  care  is  required  if  the  sy.stem  is  to  be  kept  within  the 
limits.  Mr  Elsworth  Huntingdon^  has  adduced  evidence  suggesting  that  white 
races,  even  if  they  are  able  to  survive  within  the  torrid  zone,  undergo  de- 
terioration. 

The  present  paper  deals  with  the  heat  absorbing  properties  of  various 
materials  and  fabrics,  and  more  briefly  with  experiments  on  aspects  of  the 
translucency  and  porosity  of  materials  used  for  clothing.  These  subjects  are 
introduced  by  an  account  of  the  experiment  which  led  the  way  to  the  investi- 
gations. 

While  travelling  in  Kordofan  in  I'.M.S,  I  used  a  khaki  shirt  aiui  foiiiul.  in  the  sun,  that 
it  felt  a  great  deal  hotter  than  did  white  ones  to  which  I  had  been  jveeustonieil.  No  garments 
were  worn  either  under  or  over  the  shirts  and  th<'ir  r('s[)eetive  materials  werr  clearly  the 
principal  factors  to  examine.  At  the  village  of  I'm  Semcima.  on  Feb.  22.  the  whit<*  and 
the  khaki  coloured  shirts  were  laid  out  on  sandy  ground  in  the  full  light  of  the  midday  sun. 

^  Huntingdon,  £.  (1915),  Civilisation  and  Climale,  Yale. 
Journ.  of  Hyg.  xix  16 
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They  were  folded  in  the  ordinary  way  and  placed  with  pockets  ii[)\vardH  8o  that  a  good 
many  folds  of  cloth  insulated  the  upper  layers  from  the  ground.  Only  one  thermometer 
was  available.  Its  bull)  was  placed  for  a  period  of  a  few  minutes  in  the  pocket  first  of  one 
shirt  and  then  in  the  other  and  showed: 

Under  khaki  Under  white 

55'^  Vu  50°  C. 

The  thermometer  was  cooled  in  water  between  these  observations.  Xi'xl,  it  was  left 
in  the  khaki  shirt  and  the  mercury  rose  to  60°  0.  Then,  while  still  recording  00°  C,  it  was 
transferred  to  the  white  shirt  and  the  temperature  quickly  fell  to  57°  (*.  The  instrumc^nt 
was  not  allowed  to  remain  longer  and  was  returned  to  the  khaki  shirt  where  the  mercury 
rose  steadily  until  07"'  C.  was  recorded.  It  was  then  again  taken  and  replaced  in  the  wliite 
shirt  where  the  mercury  fell  quickly  to  60°  C,  later  to  57°  C,  and  still  later  to  55°  C.  during 
a  total  space  of  about  20  minutes.  The  thermometer  was  then  returned  to  the  khaki  shirt 
and  at  3  o'clock,  after  having  remained  half  an  hour,  it  recorded  58°  V.  The  experiment 
was  begun  about  1  o'clock  and  the  power  of  the  sun's  rays  was  decreasing  rapidly  at  the 
time  of  the  last  observation.  The  manner  in  which  the  record  fell  on  transference  of  the 
thermometer  from  the  khaki  shirt  to  the  white  afforded  incontrovertible  proof  of  the 
relative  coolness  of  the  white  in  regard  to  absorption  of  the  sun's  ra^^s.  Even  under  the 
white  cloth,  the  temperatures  attained,  50°  C.  to  55°  C.  (or  122°  F.-131°  F.),  are  quite 
high  enough  for  comfort  and  it  seems  probable  that  those  under  khaki  drill,  in  this  instance 
rising  to  67°  C.  (152-6°  F.),  are  not  salutary.  Needless  to  say,  the  khaki  shirt  was  promptly 
put  aside  and  I  have  not  since  worn  a  garment  of  that  tint  in  tropical  sunlight.  There  is 
little  wonder  that  wearers  of  khaki  find  thick  spine  pads  desirable.  With  the  results  of  this 
simple  experiment  before  us  and  having  regard  to  the  extent  that  khaki  coloured  clothes 
are  worn,  it  seems  marvellous  what  the  human  system  can  stand  in  the  waj  of  heat.  In 
point  of  fact,  the  heat  of  midday  sun  is  most  often  avoided  by  Europeans ;  a  good  deal  of 
travelling  is  done  at  night  and  outdoor  duties  as  far  as  possible  are  relegated  to  hours  when 
the  sun  is  low. 

The  study  of  absorption  of  solar  heat  by  various  kinds  of  cloth  ^  has  been 
pursued  on  lines  arising  from  the  first  experiment.  The  earliest  step  was  to 
obtain  a  series  of  thermometers  so  that  temperatures  of  the  several  samples 
could  be  obtained  simultaneously.  The  first  lot  proved  unsatisfactory  by 
reason  of  the  large  differences  in  their  readings  at  higher  temperatures.  Even- 
tually a  set  of  fifteen  chemical  thermometers  was  collected  and  comparisons 
at  various  temperatures  showed  that  their  errors  did  not  exceed  0-5°  C.  from 
the  mean  over  a  range  from  20°  C.  to  boiling  point.  The  readings  of  these 
thermometBrs  have  been  adopted  without  correction.  Conceivably  better 
sets  might  have  been  obtained  and  more  refined  methods  adopted,  but  the 
experiments  have  been  carried  out  wdth  regard  to  their  bearing  on  ordinary 
applications  and  even  if  the  error  amounted  to  a  whole  degree  it  would  appear 
to  have  no  consequence  in  the  conclusions.  If  the  temperatures  due  to 
absorption  of  solar  rays  of  two  materials  dift'er  by  only  a  single  centigrade 
degree,  other  factors,  cost  and  appearance,  are  likely  to  weigh  more  in 
selection. 

^  In  this  connection  refer  to  Nuttall  (ii.  1919)  Parasitology,  xi.  205,  wherein  the  absorption 
of  radiant  heat  by  cloth  of  various  colours  is  discussed  and  the  older  experiments  of  Krieger 
are  cited. — Ed. 
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CLOTHS. 

The  <i:(Mi('r;il  iim'IIkmI  jmrsiird  willi  holh  cI*)]  lis  and  paints  lias  hccn  to  set 
out  the  ilciiis.  (Mcli  with  a  t  Iiciiiioiiict  rj-  m  placn,  and  record  tlic  rcadin^'K  at 
li;dl  lioiii-  iiitri'\als  t  In'onulioiit  t  lie  sunnier  part  of  t  lie  da  \-.  Tlie  lM)t  tor  HCason 
of  the  year  is  the  more  intcrcstiiie  time  loi-  these  experiments  and  eahn  days 
were  selreted  so  as  to  avoid  undue  convection  (dTe(rts  du(^  to  wijid.  Calls  of 
duty  limited  the  number  of  days  with  the  re(|uisite  time  availahh^  and  the 
free  days  have  often  been  unsuitable^  ow  in«^  to  season  or  weathen,  Tliis  accounts 
for  the  length  of  time  over  whicli  the  experiments  have  been  spread.  More- 
over, as  the  studies  proceeded,  improvements  and  extensions  were  made  so 
that  the  latest  experiments  present  the  fullest  results. 

The  cloths  that  have  been  dealt  with  are  detailed  in  the  followin<i  list: 

List  of  Cloths. 

I.  Black,  tliiii  lining.  I'luchascd  locally.  A  smooth  coUc^n  cloth  shiny  on  one  Hurfaoe 
and  dull,  but  with  little  nap  on  the  other  surface.  The  dull  surface  was  exposed. 

II.  Black,  imitation  serge.  Purchased  locally.  A  cotton  cloth  with  one  surface  smooth, 
the  other  with  nap.    Used  for  cheaper  native  cloaks.  The  smooth  surface  was  exposed. 

III.  Black  serge.  Purchased  locally.  A  thin  woollen  cloth  with  little  nap.  Useil  for 
more  expensive  native  cloaks. 

IV.  Dark  Blue  "Zerak."  Purchased  locally.  A  dark  blue  Manchester  cotton  cloth 
dyed  in  Egypt  and  commonly  worn  by  boatmen  on  the  middle  reaches  of  the  Nile. 

V.  Khaki,  thick,  unwashed,  cotton  drill.  The  same  cloth  as  VI,  but  new.  The  inner 
surface  was  exposed.  The  washed  sample  was  slightly  lighter  in  shade  and  was  rougher  as 
it  had  not  been  ironed. 

VI.  Khaki,  thick,  washed,  cotton  drill.  Uniform  cloth  of  the  ranks  of  the  Egyptian 
army.  The  test  piece  was  a  coat  which  had  been  washed  not  mon;  than  six  times.  There 
was  no  diflFerence  in  tint  between  the  two  surfaces  and  the  inner  was  exposed. 

VII.  Khaki  serge,  London.  A  woollen  cloth  of  medium  thickness  and  tint  very  near 
that  of  the  Egyptian  army  drill.  The  outer  face  with  a  distinct  nap  was  exposed. 

VIII.  Khaki  "solaro,"  London.  The  well-known  cloth  with  a  red  coloured  irmer  surface. 
In  the  sample  examined,  there  was  no  khaki  colour  among  the  constituents  a?id  a  magnifving 
glass  showed  the  appearance  was  due  to  red,  pale  blue  and  yellow  strands  which  are  inter- 
woven. The  resulting  tint  was  rather  Lighter  than  that  of  VI. 

IX.  Khaki  Bedford  cord,  London.  A  thick  woollen  cloth  with  a  ribbed  surface  which 
was  exposed.  The  colour  was  a  slightly  warmer  brown  than  in  the  preceding  samples. 

X.  Khaki,  thin  drill,  London.  A  cotton  cloth  of  officers'  weight  as  compared  with  the 
men's  drill  of  sam])les  IV  and  V.  The  colour  was  slightly  lighter  than  that  of  any  other  of 
the  khakis.  There  was  no  diflference  in  shade  between  the  two  sides  and  the  inner  side  wa« 
exposed. 

XI.  ]*ALE  Blue,  "lebeni."  A  cotton  cloth  often  worn  by  craftsmen  in  Egypt  and  the 
Northern  Sudan.  The  test  piece  was  an  old  and  much  washed  garment. 

XII.  Willi  H  DrrK,  London.    A  linen  cloth  of  medium  thicknes.s. 

XI II.  Wiini:  Dhill,  washed.  A  thick  cotton  cloth  used  for  uniforms  in  the  Egyptian 
army.  The  test  piec-e  had  been  wa.shed  .several  times  an«l  was  not  a«  smooth  or  as  white 
as  the  new  material  Xl\'. 

XIV.  Similar  to  XIU  but  new. 

16—2 
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The  cloths  have  been  arranged  approximately  in  the  order  in  which  they 
were  found  to  absorb  solar  heat.  Only  the  same  set  of  samples  has  been  used 
so  that  complications  due  to  variations  in  a  similar  pattern  mi<.^ht  be  avoided. 
P\ill  experiments  were  made  on  four  occasions  but  certain  selected  samples 
have  been  tested  at  other  times.  The  results  have  been  consistent  and  it  is 
only  necessary,  here,  to  present  the  details  of  the  latest  experiment,  and 
summarise  the  others.  Precautions  have  always  been  taken  a<^ainst  external 
influence  such  as  transmission  of  heat  from  the  surroundings.  A  common, 
local,  rope-str«ng  bedstead  afforded  a  convenient  platform  standing  about 
50  cm.  above  the  ground.  This  was  covered  with  a  doubled  woollen  blanket 
to  insulate  the  experimental  cloths  against  heat  disturbances  from  below.  The 
blanket  was  red  and  in  its  turn  was  covered  with  a  white  sheet  to  prevent 
disturbance  due  to  absorption  of  solar  heat  by  the  coloured  material.  Most 
of  the  test-pieces  were  lengths  of  cloth  obtained  for  the  purpose  and  folded 
so  that  tljey  consisted  of  at  least  six  layers  of  cloth  and  the  smallest  covered 
an  area  of  24  cm.  x  18  cm.  and  thus  was  large  enough  to  ensure  that  a  centrally 
placed  thermometer  was  unaffected  by  heat  transmitted  from  the  periphery. 
Even  so  the  precaution  of  the  white  background  was  clearly  desirable  as  it 
reduced  solar  heating  which  would  certainly  have  affected  the  supernatant 
air.  The  thermometers  were  each  inserted  below  the  uppermost  folds  so  that 
the  bulbs  were  covered  by  single  thicknesses  of  the  cloth  and  separated  from 
the  support  by  at  least  five  thicknesses  of  the  same  cloth.  In  opaque  kinds 
of  cloth,  the  number  of  folds  below  the  bulb  can  hardly  be  important  but  in 
translucent  kinds  these  additional  layers  must  absorb  rays  that  had  traversed 
the  outer  layer.  It  is  maintained  that  in  these  experiments  the  five  interposed 
layers  have  been  enough  to  prevent  the  thermometer  being  affected  by 
absorption  of  rays  which  traversed  the  test  piece  and  were  absorbed  by  the 
support. 

Table  I,  p.  249,  gives  the  results  of  the  readings  on  May  31,  1918.  The 
experiment  was  set  out  at  9  a.m.  in  the  manner  that  has  been  described.  The 
sky  was  cloudless  throughout  the  time  and  there  were  light  easterly  breezes 
with  calm  intervals.  The  recorded  maximum  in  the  official  screen  for  the  day 
was  108-6°  F.  or  42-5°  C.  A  thermometer  with  its  bulb  freely  exposed  in  the 
air  and  sunshine  was  placed  alongside  the  test- pieces.  Its  readings  are  included 
in  the  table.  These  figures  have  been  plotted  in  Chart  I,  which  displays  the 
results  graphically.  The  black  samples  gave  the  highest  temperatures  rising 
to  90°  C.  or  194°  F.  The  khaki  cloth  records  form  a  group  rising  to  between 
75°  C.  and  80°  C.  or  167°  F.  and  176°  F.,  and  this  group  is  traversed  by  the 
records  of  the  blue  samples.  The  dark  blue  gave  a  higher  temperature  than 
any  of  the  khakis  and  has  given  a  curve  of  a  type  distinctly  different  from  most 
of  the  other  cloths.  The  influence  of  even  a  light  shade  colour  is  shown  by  the 
record  of  the  pale  blue  "lebeni"  which  yielded  temperatures  approximately 
to  the  cooler  khakis.  Judging  by  eye  the  "lebeni"  would  certainly  be  chosen 
as  a  fainter  shade  than  the  khaki  in  its  respective  tint.  The  differences  of 
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temperature  among  the  various  khakis  are  mainly  due  to  differences  of  tint, 
some  of  the  test  pieces  bein^  distinctly  li<^^liter  coloured  than  others.  The 
white  cloths  gave  very  much  lower  temperatures  and  the  coolest  did  not 

CLOTHS. 


90  C 


80  C 


//TftlCd 


E  60C 


f 


?9i 


190*  F 


170  r 


150  F 


130  F 


110  F. 


Chart  I 

reach  58°  C.  or  136-4°  F.   Fahrenheit  figures  are  marked  on  the  chart  so  that 
values  on  that  scale  can  be  estimated. 

Chart  I  shows  irregularities  in  some  of  the  temperatures.     For  instance 
several  of  the  test-pieces  showed  falls  between  10.30  and  11.30  while  the  rest 
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continiKMl  (o  Ixh-oiih^  liolt.cr.  A  siiiiiliir  ('(Tccf.  thoii'.-li  IIkto  is  no  fall,  occurs 
in  the  ,s;iinc  jKiit  of  the  record  of  tlic  freely  exposed  t  iMrrinoriietor  and  pre- 
sumably these  \ariaiions  are  due  to  at  inosj)herie  conditions.  Variations  of 
the  sanu'  kind  have  bei^n  observed  in  the  couise  of  most,  of  the  oxporinientH 
and  they  are  referred  to  later  on. 

Similar  remarks  can  be  made  al)out  the  other  experiments  so  far  as  the 
nundxM-  of  test-pieces  incbKbul  allow  comparisons.  Attempts  have  been  made, 
to  try  and  correlate  tlie  different  results  by  reducinj^^  the  fij^nires  to  percentaj^es 
in  terms  of  the  ranii:e  between  the  hottest  and  the  coolest  kinds  of  cloths. 
Correlation  with  ideal  test-pieces  would  allow  each  (doth  to  be  <;iven  its 
definite  place  in  the  series  and  mijiht  enable  r(\sults,  perhaps  from  sinj^le 
observations,  on  different  occasions  to  be  condnned.  At  tlie  outset  a  difficulty 
occurs  because  the  same  black  cloth  is  not  always  the  hottest  and  results  are 
less  satisfactory  if  the  whole  range  of  observations  from  9.30  a.m.  to  1  p.m. 
is  considered.  The  necessary  ideal  test-pieces  appear  to  be  impossible,  for 
temperatures  in  sunshine  are  not  entirely  dependent  on  colour  but  are  in- 
fluenced by  surface  texture  and  the  rate  at  which  heat  can  be  lost  by  con- 
vection. The  influence  of  this  factor  is  suggested  later  on,  among  the  results 
of  experiments  in  which  the  cloth  was  covered  by  glass.  An  unsatisfactory 
form  of  correlation  might  be  arrived  at  on  the  assumption  that  certain  black 
and  white  test-pieces  give  temperatures  say  5°  C.  higher  and  lower  respectively 
than  the  theoretical  ideal  and  referring  the  intermediate  cloths  to  this 
increased  range.  To  illustrate  by  examples,  taking  thin  black  lining  I  and 
new  white  drill  XIV  as  our  standards  the  following  figures  can  be  arrived  at 
on  the  basis  of  some  of  the  observations  made  on  May  31,  1918.  The  readings 
at  11.30  a.m.  and  1  p.m.  have  been  selected  and  have  yielded  the  following 


gures : 

11.0 

a.m. 

1.0  p. 

m. 

X 

Natural 
% 

^ -'~- 

Natura 

Reading 

Diff. 

Reading 

DiflF. 

/O 

Black  lining- 

87-0 

32-1 

1000 

8G-0 

28-2 

1000 

Black  serge 

84-0 

291 

90-7 

87-7 

29-9 

105-6 

Khaki  serge 

70-5 

15-6 

48-6 

78-1 

20-3 

70-8 

White  drill 

54-9 

000 

000 

57-8 

000 

000 

11.0  a.m. 

Assumed 

1.0  p.m. 

Assumed 

Reading 

range 

O' 
/O 

Heading 

range 

O  ' 

o 

Ideal  black 

— 

421 

1000 

— 

38-2 

1000 

Black  lining 

87-0 

371 

88-2 

80-0 

33-2 

80-9 

Black  serge 

84-0 

341 

811 

87-7 

34-9 

91-3 

Khaki  serge 

70-5 

20-6 

490 

78-1 

2r)-3 

66-2 

White  drill 

54-9 

50 

11-9 

57-8 

50 

131 

Ideal  white 

— 

00-0 

000 

— 

000 

000 

These  are  enough  to  show  that  there  is  very  little  to  be  gained  by  applying 
percentages,  either  on  natural  or  assumed  bases,  to  single  sets  of  observations. 
In  practice  a  more  general  comparison  is  desirable  and  an  aspect  of  this  can 
be  obtained  simply  by  taking  the  mean  of  several  observations.  In  the 
particular  experiment  presented  here,  these  range  from  9.30  a.m.  to  4.0  p.m. 


252 


Thermal  SaHitatloit  in  the  Tropics 


and  the  means  for  that  set  of  observations  on  each  cloth  is  given  in  the  last 
line  but  one  of  the  table.  Such  a  ran»»e  of  observations  includes  three  distinct 
periods.  During  the  first,  the  temperatures  are  rising  fast.  During  the  second 
the  temperatures  alter  less,  absorption  is  greatest  and  the  highest  readings 
are  obtained.  Finally  during  the  last  period  the  temperatures  are  falling 
rapidly.  The  most  simple  absorption  effects  must  occur  during  the  middle 
period  which  can  be  regarded  as  extending  from  11.0  a.m.  to  1  p.m.  and  the 
lowest  line  of  the  table  gives  the  means  for  observations  during  that  time. 
The  11  a.ni.-l  p.m.  period  probably  forms  the  most  satisfactory  basis  for 
comparisons  and  it  is  important  if  this  conclusion  can  be  established.  With 
the  adoption  of  black  and  white  standard  cloths,  it  would  permit  the  com- 
parison of  the  absorptive  properties  of  various  cloths  by  observations  ex- 
tending over  periods  of  two  or  two  and  a  half  hours  instead  of  much  longer 
times. 

A  digest  of  three  experiments  with  cloths  is  given  in  Table  II,  p.  253. 
For  the  most  part  the  figures  are  limited  to  the  means  for  the  1 1  a.m.-l  p.m. 
period  and  percentages  based  on  these  means.  The  period  11.30-1.30  p.m. 
has  been  taken  for  the  13.  iv.  17  experiment.  The  readings  were  only  begun 
at  11.30  a.m.  but  the  highest  temperatures  occurred  late,  so  the  later  period 
seems  to  be  comparable  with  the  11  a.m.-l  p.m.  time  of  the  other  experi- 
ments. For  the  experiment  of  31.  v.  18  the  means  and  percentages  of  the 
9.30  a.m. -4  p.m.  period  are  also  given.  In  the  last  column  to  the  right  are 
means  deduced  from  the  11  a.m.-l  p.m.  period  including  the  1.30  p.m. 
observation  of  13.  iv.  17,  of  all  three  experiments,  and  next  to  it  are  a  set  of 
percentages  based  on  these  mean  temperatures.  The  blue  cloths  were  not 
represented  in  all  the  experiments  but  their  percentages  are  based  on  those 
in  which  they  were  represented,  and  the  temperatures  corresponding  to  these 
percentages  are  shown  among  the  others  but  are  distinguished  by  brackets. 
These  two  temperatures  doubtless  approximate  to  the  means  which  would  have 
been  obtained  had  those  test-pieces  been  exposed  on  all  three  occasions. 

On  two  other  occasions,  experiments  included  three  of  the  test-pieces  and 
taking  the  means  of  the  11  a.m.  to  1  p.m.  observations  for  the  percentage  for 
the  thin  khaki  drill,  the  figures  are  as  follows: 

Thin  khaki  drill,  X 


Black 
lining,  I 

^ 

' 

New  white 

Date 

Mean 

/o 

drill,  XIV 

7.  vi.  18 

86-9 

731 

53-4 

29-6 

4.  vi.  18 

851 

73-2 

63-5 

25-6 

The  agreement  of  the  percentages  obtained  on  these  two  occasions  both 
between  themselves  and  with  the  means  in  the  table  affords  a  strong  measure 
of  support  for  this  method  of  making  comparisons.  On  the  other  hand  in- 
spection of  the  percentages  obtained  on  the  three  occasions  shows  a  great 
deal  of  divergence  particularly  at  the  ends  of  the  scale  among  the  whites  and 
the  blacks.  These  differences  appear  to  be  due  to  the  surface  texture  and  the 
atmospheric  conditions  prevailing  during  the  experiments.    On  a  very  still 
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day,  losses  by  convection  must  be  smaller.  While  under  windy  conditions,  a 
cloth  with  a  nap  would  hold  the  air  and  not  lose  heat  as  rapidly  as  a  smooth 
or  well-ironed  cloth.  Even  thou<ih  the  method  of  percenta«j,es  is  by  no  m(;ans 
perfect  it  appears  to  offer  a  useful  means  of  comparison.  The  figures  certainly 
indicate  the  relative  amounts  of  heat  that  persons  wearing  the  different 
cloths  would  have  been  subject  to  in  the  sunshine  on  those  particular  days. 

Even  if  it  were  possible  to  test  a  very  large  number  of  cloths  at  the  same 
time,  the  result  would  be  influenced  by  the  atmospheric  conditions  and  would 
certainly  be  of  less  value  than  a  series  based  on  means  of  experiments  on 
different  occasions  from  11  a.m.  to  1  p.m.  on  smaller  sets  of  test-pieces. 
Doubtless,  the  more  the  observations  can  be  multiplied,  the  greater  the  value 
of  the  percentages  based  on  them. 

PAINTS. 

Much  that  has  been  said  about  the  testing  of  cloths  applies  to  paints  and 
colour  washes  but  these  offer  simpler  cases  of  solar  heating.  The  surfaces, 
including  shiny  and  dull  kinds,  are  practically  uniform  compared  with  the 
differences  of  texture  that  exist  amcmg  cloths. 

For  the  purposes  of  experiments,  cylindrical  tin  flasks  12^  cm.  long  and 
7i  cm.  in  diameter  were  adopted.  They  were  provided  with  necks  to  accom- 
modate corks  through  which  thermometers  were  inserted  so  that  the  bulbs 
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Fig.  I.   Paint  testing  flask. 

were  placed  freely  at  about  the  centres  of  the  flasks.  The  flasks  were  laid  on 
their  sides  and  in  order  to  give  them  stability  a  four-ounce  volume  of  clean 
sand  was  measured  into  each.  The  amount  of  sand  was  not  enough  to  come  in 
contact  with  the  thermometer  bulb  and,  as  the  quantities  were  similar,  it 
can  hardly  have  influenced  comparison  of  the  temperature  effects  due  to  the 
paints. 

The  principal  experiments  w^ere  conducted  at  Haifa  in  1916.  The  flasks 
were  laid  out  on  a  w^hite  sheet  resting  on  a  doubled  woollen  blanket  to  eliminate, 
as  far  as  possible,  disturbing  factors  due  to  heat  absorption  by  the  sur- 
roundings. They  were  set  out  with  intervals  of  about  30  cm.  between  them 
and  arranged  in  order  of  their  apparent  tints  so  that  the  lighter  coloured 
flasks  were  next  each  other  and  distant  from  the  darker  ones.  These  pre- 
cautions w^ere  taken  to  reduce  effects  due  to  radiation  from  one  flask  to 
another  such  as  might  have  interfered  had  a  black  flask  been  near  a  light 
coloured  one.  Both  the  Sudan  Railway  Dept.  and  Public  Works  Dept.  kindly 
undertook  the  painting  of  sets  of  flasks  with  colours  in  common  use.   Besides 
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\\\o  iiiiiiicdiatc  iuli^rcst  of  tcstin*:;  sncli  colours,  tlierc  was  tjio  advantaf|jo  of 
lia\  iuu  1  Iicm  npijlicd  1)\-  llic  \-('ry  workincii  and  in  t  lie  same  way  as  in  ordinary 
practice. 

Standards  of  icfcrcncc  were  provided  l)\'  oilier  llasks.  llic  white  bcinj^ 
coated  with  a  lime  wash  which  <rave  a  dead  whiter  surface  while  tlie  othf^r 
was  coated  with  a  mixture  of  lamj)  Mack  and  varnish  which  dried  with  a  dull 
black  surface.  These  standards  have  always  been  included  anrl  the  results  of 
experiments  wit h  two  sets  of  paints  are  presented  liere. 

Public  Works  Departments,  I^aints,  Haifa,  15.  v.  Hi.   Maximum 
temperature  in  official  screen,  44^^  C. 


Black 

(-'omcnt. 

Bright 

Dull 

Wliik; 

White 

Time 

stanfianl 

wash 

red 

kmI 

enamel 

Htanflard 

10.00  a.m. 

(;4-4 

r)K-2 

*     560 

560 

49-6 

470 

10.30 

70-2 

mi 

61  0 

61-4 

54-2 

51-8 

11.00 

740 

()7-5 

64(i 

65-2 

.58-2 

550 

1 1.30 

78-0 

730 

69-4 

70-3 

60-8 

.57- 1 

Noon 

72-8 

68-0 

65-2 

65-7 

57-5 

54-5 

12.30  p.m. 

77-7 

730 

69-6 

700 

f)0-2 

56-9 

1.00 

74-6 

70-7 

67-5 

67-5 

58-8 

55-5 

4.10 

61-5 

.56-8 

.560 

540 

47-5 

44-2 

Mean   of  experiments 

on           69-5 

65-3 

(62-2) 

61-9 

54-7 

520 

14  and  1.5.  v.  16 

Sudan  Government  Railways,  Paints,  Haifa 

,  2.  vi.  16. 

Maximum 

temperature 

in  official  screen. 

40°  C. 

Black 

Black 

Brown 

Green 

Grey 

Khaki 

• 

standard 

paint 

paint 

paint 

paint 

paint 

Time 

(9) 

(8) 

(4) 

(7) 

(6) 

Noon 

610 

60-7 

60-0 

59-5 

58-0 

.56-5 

12.30  p.m. 

66-2 

06-8 

63-2 

63-8 

610 

59- 1 

1.00 

63-1 

63-1 

62-2 

61-2 

.59-4 

580 

1.30 

63-2 

63-1 

61-7 

61-5 

59-3 

58-3 

2.00 

63-2 

02-9 

61-0 

60-0 

58-4 

570 

2.30 

620 

01-4 

59-7 

590 

57-4 

560 

3.00 

63-2 

63  0 

61-3 

()0-3 

.■)90 

57-.-> 

3.30 

610 

60-2 

.59-4 

58-0 

56-8 

55-9 

Mean 

62-9 

62-5 

61-4 

60-4 

58-7 

57-3 

Scarlet 

Straw 

Cream 

Cream 

White 

Wliite 

paint 

paint 

paint 

enamel 

enamel 

standard 

Time 

(10) 

(5) 

(2) 

(1) 

(3) 

Noon 

53-5 

51-3 

48-8 

48-9 

— 

43-5 

12.30  p.m. 

56-3 

54-2 

530 

530 

r>o-2 

46-6 

1.00 

55-2 

530 

51-3 

51-3 

49-3 

45-8 

1.30 

65-2 

53-8 

520 

5 18 

5O0 

46-2 

2.00 

54-2 

52-8 

.-)l(t 

50-7 

49-2 

45-5 

2.30 

53-) 

520 

50-5 

.">0() 

490 

455 

3.00 

54-6 

53-2 

.-)l-5 

51-U 

49-5 

460 

3.30 

530 

51-6 

45)-9 

49J 

47-8 

t30 

Mean 

54-4 

52-7 

.-,1(1 

50-8 

49  I 

453 

These  results  are  expressed  in  Chart  II 
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PAINTED     FLASKS. 


bC"  Meridian    Mean    Time 

lp»  z  5       3.30p. 


Chart  II. 

The  application  of  tlie  method  of  percentages  has  been  discussed  in  con- 
nection with  comparisons  of  temperatures  given  by  cloths.  The  painted  flasks 
have  proved  far  more  amenable  to  the  method  as  the  following  figures  show. 

The  only  points  about  these  figures  that  require  explanation  are  the  two 
means.  The  arithmetic  mean  is  simply  that  of  the  column  of  figures  above 
it  while  the  lower  figure  is  based  on  the  range  of  the  mean  temperatures  given 
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Percentages 

Black 

Brown 

C»rficn 

(Jrcy 

Khaki 

Time 
Noon 

lKS-3 

(«) 
94-3 

(4) 
91-5 

(7) 
82-8 

(<i) 
74-3 

12.30  p.m. 

100-3 

84-7 

87-7 

73-5 

(J3-8 

I.(M) 

lOO-O 

91-7 

89-0 

78-f> 

70-5 

1.30 

00-4 

91-3 

JK)1 

77-4 

7 1  -5 

U.OO 

98-3 

87-() 

81-8 

72-8 

(}5-0 

2.30 

9r)-4 

8(i-0 

81-8 

72-1 

030 

3.00 

98-7 

88-9 

83-1 

755 

(iO'J 

3.30 

dry-) 

<)1-1 

83-3 

7()() 

71(i 

AlitluiK'tic   IlKMIl 

98-4 

89-8 

8()-0 

7()l 

08-4 

PiMi'ditaf^e  of  mean 
temperature 

97-7 
Scarlet 

91-5 
Straw 

85-7 

Cream 
dull 

7«)-l 

Cream 
enamel 

08-2 

Wliitc 
enamel 

Time 
Noon 

(10) 
571 

(5) 
44-6 

(2) 
30-3 

(1) 
30-8 

(3) 

12.30  p.m. 

49-5 

38-8 

32-7 

32-7 

18-4 

1.00 

54-4 

41-7 

31-8 

31-8 

20-0 

1.30 

53-5 

45-4 

34-9 

33-7 

23-3 

2.00 

49-2 

41-3 

31-4 

29-4 

20-9 

2.30 

48-5 

39-4 

30-3 

30-9 

21-2 

3.00 

50-0 

41-9 

32-0 

29-1 

20-3 

3.30 

55-6 

47-8 

38-4 

35-6 

26-7 

Arithmetic  mean 

52-2 

42-6 

33-2 

28-0 

21-5 

Percentage  of  mean 
temperature 

51-6 

42-0 

32-4 

31-2 

20-4 

at  the  foot  of  the  previous  table  (p.  255)  which  shows  the  temperatures  of  the 
railway  paints.  The  means  derived  in  these  ways  do  not  differ  materially  and 
the  percentage  method  of  comparison  is  clearly  very  useful.  It  enables  the 
results  of  different  experiments  to  be  correlated  and  the  following  table  of 
them  is  presented: 


Number  of 

Excess 

observa- 

12.30 _ 

p.m. 

above 

tions 

/o 

temperatures 

whitewash 

Black  standard 

— 

100-0 

66-2°  C. 

151-2^  F. 

36-3°  F. 

Black  paint  (9) 

8 

97-7 

66-8 

152-2 

36-2 

Brown  paint  (8) 

8 

91-5 

63-2 

145-8 

29-9 

Green  paint  (4) 

8 

85-7 

63-8 

146-8 

30-9 

Grey  paint  (7) 

8 

70-1 

610 

141-8 

25-9 

Cement  wash  (F.W.D.) 

14 

760 

(01-5) 

(142-7) 

(26-8) 

Khaki  paint  (6) 

8 

68-2 

59- 1 

138-4 

22-5 

Red  paint  (P.W.D.) 

13 

59-2 

(58-2) 

(136-8) 

(20-9) 

Aluminium  paint 

22 

58-6 

(58-1) 

(1.36-6) 

(20-7) 

DuU  red  paint  (P.W.D.) 

14 

56-5 

(57-7) 

(135-9) 

(20-0) 

Plain  tin 

22 

54-2 

(57-2) 

(135-0) 

(19-1) 

Scarlet  paint  (10) 

8 

51-6 

56-3 

133-3 

17-4 

Straw  paint  (5) 

8 

42-0 

54-2 

1290 

13-7 

Cream  paint  (2) 

8 

32-4 

53-0 

127-4 

11-5 

Cream  enamel  ( 1 ) 

8 

31-2 

53-0 

127-4 

11-5 

White  enamel  (3) 

7 

20-4 

.50-2 

122-4 

6-5 

White  enamel  (P.W.D.) 

14 

15-4 

(49-6) 

(121-3) 

(5-4: 

White  standard 

— 

00-0 

46-6 

115-9 

— 
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The  first  column  shows  the  number  of  observations  on  vviiich  the  per- 
centages in  the  second  cohmm  are  based.  The  figures  without  brackets  in 
the  third  cohimn  are  the  temperatures  actually  observed  in  the  flasks  on 
June  2,  1916,  at  Haifa  when  the  officially  recorded  maximum  shade  tem- 
perature was  40°  C.  It  is  to  be  noticed  that  the  figures  at  that  particular 
moment  differed  slightly  from  the  order  of  the  percentages  which,  as  has  been 
shown  above,  are  based  on  several  observations.  The  figures  given  in  brackets 
were  not  observed  but  are  interpolated  on  the  basis  of  percentage  values 
from  observations  at  other  times.  The  percentages  appear  to  be  consistent 
enough  to  enable  the  interpolated  figures  to  be  regarded  with  some  confidence. 
Had  the  flask  coated  with  aluminium  paint  been  available,  for  instance,  at 
Haifa  when  the  other  observations  were  made,  there  can  be  little  doubt  that 
a  thermometer  inside  it  at  12.30  p.m.  would  have  recorded  approximately 
58°  C.  The  fourth  column  gives  the  Fahrenheit  equivalents  and  the  last  shows 
the  amounts  of  the  excesses  in  Fahrenheit  degrees  above  the  temperature 
of  the  whitewash.  Thus  khaki  paint  is  seen  to  have  been  22-5°  F.  hotter  than 
the  whitewash. 

I  regret  that  I  am  unable  to  give  technical  descriptions  of  the  paints  but 
it  is  to  be  noted  that  the  green,  which  proved  a  remarkably  hot  colour,  was  the 
ordinary  rather  dark  green  such  as  is  often  seen  on  shutters  and  on  garden 
furniture.  The  brown  was  of  a  dark  tint  which  led  one  to  expect  high  tem- 
peratures, but  those  given  by  the  scarlet  (10)  appeared  low  for  such  a  full, 
bright  colour  as  the  signal  red  of  the  railway.  The  grey  was  an  ordinary 
medium  shade  not  far  removed  in  appearance  from  the  cement  wash  which 
gave  closely  similar  results.  The  Public  Works  Department  red  and  white 
paints  were  pigmented  with  iron  oxide  and  zinc  oxide  and  the  respective 
flasks  were  each  treated  with  three  coats.  The  dull  red  was  tlie  result  of 
mixing  zinc  white  with  the  red  so  as  to  match  the  faded  appearance  assumed 
by  the  red  paint  after  prolonged  exposure  to  sunlight.  The  list  shows  the 
comparative  coolness  of  white  and  how  even  a  slight  tinge,  such  as  gives  a 
cream  colour,  has  a  marked  eftect  on  the  absorption  of  solar  heat.  A  polished 
metal  surface  is  represented  by  the  plain  tin  and  is  seen  to  give  temperatures 
approximating  to  the  red  paints. 

B}^  the  kindness  of  the  late  Mr  E.  W.  Buckley,  of  the  Irrigation  Service, 
a  practical  test  was  made  by  whitewashing  the  half  of  the  galvanized  corru- 
gated iron  roof  of  a  barue,  the  other  half  remaining  in  the  usual  condition 
and  presenting  the  ordinary  rather  dull  appearance  of  the  weathered  metal. 
In  the  sunshine  of  the  middle  hours  of  the  day  the  difference  between  the 
temperatures  of  the  two  halves  was  very  striking.  The  plain  metal  became  so 
hot  that  the  hand  could  hardly  bear  it  while  the  whitewashed  part  remained 
cool  and  could  be  handled  Avith  comfort.  The  roof  was  low  and  in  moving 
about  under  it,  the  radiant  heat  from  the  plain  half  was  immediately  felt  as 
oppressive  and  show^ed  the  need  of  a  helmet.  Beneath  the  whitewashed  part, 
on  the  other  hand,  it  was  possible  to  remain  bareheaded  with  comfort.    An 
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iitte.inpt   on    one    occasion    lo    measure    the.    l('nipei;il  iir<'s   <^iivi\   45|'' C.    and 

33J°C.  respectively  for  the  plain  and  wliitewashcd  parts,  hut  little  importance 

is  to  ho  attached  to  these  li;iun»s  an  that  relatin'^  t-o  the  plain  |)art  is  alrnoHt 

certainly  too  low.  They  indicate,  however,  the  rnajinitude  of  the  diHerence. 

Owini;  to  the  ()ppressiv(^  temperatures,  tlie  iron  roofs  of  a  numlx-r  of  similar 

bar<2;es  liave  been  lined  with  wood,  but  as  ellicient  a  result  mi.L'ht  have  been 

attained  by  means  of  a  coat  of  white  paint  «)r  even  whitewash  sf)  lon;^  as  tlie 

latter  withstood  t  he  rains. 

TJie  ordinary  surveyors'  ran<;in;j;  rod,  with  its  stictions  of  dillerent coh^urK, 

often  ])r()vides  a.  handy  demonstration  of  di (Terences  in  temperature  in  Hun- 

shine.  The  black  ])a.rt  proves  hot,  the  red  i-athcr  cooler,  and  the  white  sections 

coolest  of  all. 

r>iucKS. 

In  February,  1915,  some  building  bricks  w^re  tested  on  the  same  lines  as 
adopted  with  the  cloths  and  paints. 

Both  sun-dried  and  burnt  bricks  are  in  use  in  the  Nile  \'aliey  and  the 
coolness  of  mud  houses  as  compared  with  those  of  burnt  brick  is  common 
experience.  For  the  purpose  of  the  experiments  a  hole  was  drilled  from  the 
end  so  that  when  a  thermometer  was  inserted  it  was  placed  about  the  centre 
of  the  brick.  The  thermometers  were  packed  round  with  fine  soil  to  keep  them 
in  place  and  preserve  the  records  from  disturbances  due  to  convection.  A  pair 
of  burnt  bricks  and  a  pair  of  sun-dried  ones  were  used  and  one  of  each  pair 
was  left  plain  while  the  other  was  whitewashed.  They  were  laid  out  on  a 
board  at  9  a.m.  on  Feb.  9,  1915,  and  not  disturbed  until  after  the  readings 
on  the  next  day.  The  following  are  the  readings  at  2  p.m.  on  the  two  days: 

9.  ii.  15       10.  ii.  15 
Plain  burnt  brick 
Plain  sun-dried  brick 
Mud  brick,  whitewashed 
Burnt  brick,  whitewashed 
Official  maximum 

Possibly  the  hotness  of  the  burnt  brick  as  compared  with  the  sun-dried 
structure  is  not  due  to  the  greater  absorption  alone  but  also  to  its  texture. 
The  firing  must  result  in  the  grains  being  in  more  intimate  connection  than  is 
the  case  with  the  sun-dried  one  with  the  result  that  the  burnt  brick  takes  up 
more  heat  during  the  hotter  parts  of  the  day  and  radiates  it  more  freely  in 
the  evening.  The  same  kind  of  effect  is  experienced  in  the  open  country. 
Where  the  desert  surface  is  formed  of  loose  sand,  the  surface  cools  quickly 
and  the  nights  are  comparatively  cool  even  in  the  hottest  seasons.  Where, 
on  the  other  hand,  crystalline  rock  predominates,  the  solid  stone  absorbs  a 
large  amount  of  heat  and  appears  to  be  able  to  radiate  it  during  most  of  the 
night  so  that  these  arc  sultry  and  ojipressive.  No  figures  have  been  obtained 
for  these  conditions  but  if  the  hand  is  thrust  into  an  exposed  sand-dune  on 
the  afternoon  of  a  sunny  day,  the  heated  surface  layer  will  be  found  to  be  only 
about  10  or  15  cm.  thick  and  quite  cool  sand  will  be  found  just  underneath. 


57-8 

53-3 

54-3 

50-4 

49-5 

40-9 

48-3 

46-3 

33-4 
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2iM)  Thermal  Sanitation  in  the  Tropics 

COMBINED  EXPERIMENTS. 

Experiments  with  sets  of  cloths  and  sets  of  paints  have  been  described 
and  it  now  remains  to  show  how  their  temperatures  compare  when  both  are 
exposed  to  sunUght  at  the  same  time.  Other  obvious  problems  arose  such  as 
the  influence  of  the  circulation  of  the  air  and  a  set  of  tests  was  arranged 
with  a  view  to  obtaining  evidence  on  the  different  points.  More  than  one 
trial  was  made  before  the  set  was  adopted  for  the  experiment  now  described. 
All  the  items  were  laid  out  on  a  white  sheet  resting  on  a  doubled  blanket 
supported  on  a  rope-string  angareeb  about  50  cm.  high  and,  as  in  previous 
experiments,  the  pieces  giving  the  higher  temperatures  were  placed  towards 
one  end  of  the  angareeb  while  the  cooler  ones  were  towards  the  other.  The  set 
of  observations,  given  in  Table  III,  p.  261,  was  made  on  June  14,  1918,  when 
the  officially  recorded  maximum  shade  temperature  was  43-4°  C.  During 
the  earlier  part  of  the  time  there  were  breezes  but  the  air  became  still  towards 
the  middle  of  the  day.  The  figures  have  been  plotted  out  and  Chart  III 
presents  the  curves. 

Three  cloths  were  included  and  a  comparison  of  the  temperatures  given 
by  these  wdth  those  yielded  by  the  black  standard  and  white  standard  painted 
flasks  shows  that  the  cloths  reached  their  highest  temperatures  about  12.30  p.m. 
while  the  highest  temperatures  of  the  flasks  were  reached  an  hour  later. 
After  reaching  the  highest  temperatures  the  cloths  cooled  down  fairly  rapidly 
while  the  painted  flasks  maintained  high  temperatures  and  only  began  to 
cool  rapidly  at  about  3  p.m.  The  contrast  is  exhibited  in  the  forms  of  the 
curves  in  the  diagram.  The  black  cloth  reached  a  temperature  nearly  17°  C. 
hotter  than  the  standard  black  painted  flask  and  even  the  khaki  cloth  was 
a  good  deal  hotter  than  any  of  the  freely  exposed  flasks. 

To  obtain  some  evidence  on  the  heat  losses  caused  by  free  circulation  of 
the  air,  a  sheet  of  glass  w^as  laid  in  contact,  over  part  of  the  test-piece  of  black 
cloth.  Black  and  w^hite  painted  tin  flasks  w^ere  enclosed  in  glass  fronted 
wooden  boxes  made  with  holes  at  one  side  through  which  the  necks  of  the 
flasks  fitted  fairly  closely  and  allowed  the  thermometers  to  protrude.  To 
minimise  temperature  disturbance  due  to  absorption  by  the  wood,  it  was 
w^hitewashed  both  on  the  inner  and  outer  surfaces.  During  the  earliest  and 
latest  hours  the  boxes  were  tilted  so  that  the  flask  inside  might  be  fully 
exposed  to  the  sunlight.  A  considerable  interval  had  elapsed  since  the  original 
standard  black  and  white  flasks  w^ere  painted;  consequently  control  flasks 
were  prepared  and  painted  at  the  same  time  and  with  the  same  paints  as 
those  inclosed  in  the  glass-fronted  boxes.  Comparison  of  the  records  of  the 
control  flasks  with  those  of  the  standards  shows  that  the  white  ones  were  in 
capital  agreement,  but  the  black  control  was  between  2°  C.  and  3°  C.  hotter 
than  the  other  at  the  highest  temperatures.  The  standard  black  was  distinctly 
paler,  doubtless  through  the  adherence  of  dust  particles.  Inspection  of  the 
records  and  curves  shows  that  the  glass- covered  cloth  reached  a  temperature 
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about  13°  C.  higher  than  the  freely  exposed  part  of  the  same  cloth.  Similar 
differences  occurred  between  the  boxed  and  freely  exposed  painted  flasks 
and  it  is  to  be  remarked  that  the  glass-covered  cloth  proved  more  than  1 1°  C. 
hotter  than  the  enclosed  black  flask.  An  interesting  point  is  that  the  records 
of  the  boxed  flasks  differ  in  character  from  those  of  the  freely  exposed  ones. 

Journ.  of  Hyg.  xix  ' ' 
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The  highest  temperatures  were  attained  soon  after  midday;  they  fell  soon 
afterwards  and  did  not  maintain  a  rather  uniformly  hi<i;h  temperature  until 
later,  in  the  same  way  as  the  freely  exposed  ones.  The  result  is  that  the 


Chart  III. 


plotted  curves  for  the  enclosed  flasks  resemble  in  form  those  of  the  cloths  and 
not  of  the  other  flasks.  The  influence  of  the  glass  is  probably  not  as  simple 
as  appears.   Apart  from  shielding  the  test-pieces  from  convection  by  the  air, 


it  (]()ul)tloss  liiiidcrcM]  llic  loss  of  licit  |)\'  radiiitioii,  hcin;:  opMfjiic  (o  flic  lon""er 
waves,  such  as  tlio  Jicatcd  Maslvs  would  criiit.  K\va'\)\  for  a  peak  in  I  he  record 
of  the  frcMdy  exposed  hlack  clotli  af  1!  a.m.,  it  and  that  of  the  ;^dass-coverod 
part  auree  fairly  well  in  form  iiiid  this  is  su])port('d  by  records  from  another 
occasion  wlien  the  same  test-piece  was  exposed.  It  secins  as  if  tlie  encjosure 
has  achieved,  in  the  case  of  the  j)aints,  a  similar  prevention  of  loss  by  con- 
vection as  occurs  in  many  cloths  owin^^  to  the  texture.  The  opacity  of  the 
glass  to  long  rays  has  not  masked  the  effect  but  merely  increased  it.  The 
experiment  included  an  ordinary  thermometer  with  its  bulb  exposed  freely 
in  air  and  sunshine  and  several  inches  away  from  any  other  solid  objects. 
The  liigliest  temperature  was  only  3-5''  C.  hotter  than  the  officially  recorded 
maximum  shade  temperature  and,  with  its  little  mass  of  mercury  enclosed 
in  glass,  it  proved  considerably  cooler  than  any  of  the  test-pieces.  By  reason 
of  the  small  size  of  the  bulb,  convection  was  a  correspondingly  important 
controlling  factor,  and  its  temperature  was  mainly  influenced  by  that  of  the 
air.  It  is  of  interest  to  note,  therefore,  the  similarity  between  the  thermometer 
record  and  those  of  the  exposed  flasks  in  contrast  with  those  of  the  cloths  and 
enclosed  flasks  from  which  a  smaller  proportion  of  the  loss  is  due  to  convection. 
The  experiment  does  not  enable  it  to  be  stated  what  the  relative  proportions 
may  be  but  it  suggests  that,  at  any  rate,  a  cloth  with  a  good  nap  is  well  protected 
from  convection  losses  which  must  be  greater  in  smooth  and  well- ironed  fabrics. 

The  glass-covered  part  of  the  cloth  attained  the  remarkably  high  tem- 
perature of  99-6°  C.  which  appears  to  exceed  anything  recorded  by  black  bulb 
radiation  thermometers  in  this  region.  Records  of  such  a  thermometer  have 
been  kept  for  some  years  at  Aswan  and,  though  that  is  a  long  way  from 
Khartoum,  it  is  of  interest  to  note  that  on  two  occasions  in  July,  1917,  tem- 
peratures of  78°  C.  were  recorded.  I  am  able  to  quote  these  facts  by  the 
courtesy  of  Mr  D.  Watt,  who  thought  there  had  been  slightly  higher  tem- 
peratures but  that  80°  C.  had  never  been  reached.  The  unsatisfactory 
character  of  the  temperatures  given  by  black  bulb  radiation  thermometers 
has  long  been  recognised  and  little  importance  is  now  attached  to  them. 

Only  one-half  of  a  flask  can  be  in  sunlight  and  two  were  prepared  with  a 
view  to  obtaining  evidence  on  the  influence  of  the  side  in  shadow  on  the 
temperature.  One  was  half  black  and  half  plain  tin,  and  the  other  was  half 
black  and  half  white.  During  the  experiment  the  flasks  were  turned  round 
to  keep  the  black  sides  towards  the  sun.  The  flask  with  the  white  on  the 
shadow  side  gave  temperatures  nearly  2°  C.  lower  than  that  with  the  plain 
tin  on  the  shadow  side  which  was  only  1°  C.  cooler  than  the  black  standard. 

On  this  occasion,  the  set  of  test-pieces  was  completed  by  the  addition  of 
a  plain  tin  flask  to  represent  a  polished  metal  surface  and  an  aluminium 
painted  flask.  The  records  of  these  two  flasks  have  been  dealt  with  in  the 
section  on  paints.  They  both  gave  rather  similar  temperatures  which  proved 
to  be  about  8°  C.  hotter  than  those  of  the  whitewashed  flasks. 
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POROSITY  OF  CLOTHS. 

In  a  hot  and  dry  climate,  texture  is  obviously  a  very  important  factor 
connected  with  the  comfort  with  which  a  cloth  may  be  worn.  Free 
evaporation  from  the  skin  is  interfered  with  by  the  barrier  formed  by  the 
cloth,  and  experiments  were  devised  with  a  view  to  obtaining  evidence  on  the 
hindrance  caused  to  the  passage  of  air  and  the  influence  this  transmission 
factor  might  have  on  evaporation. 

The  apparatus  used  for  testing  transmission  is  diagrammatically  shown 
in  Fiir.  2. 


IZ^ 


DETAIL 
AT  C. 


Fig.  2.   Porosity  apparatus. 


The  bottle  on  the  right  served  the  purpose  of  a  three  way  joint  to  connect  the  aspirator 
{A)  both  vdxh.  the  pressure  gauge  {B)  and  the  cloth  holder  (C).  The  cloth  holder,  shown  on 
a  larger  scale,  was  formed  of  two  pieces  of  thick  glass  tube  17  rum,  in  diameter  and  12  mm. 
bore.  The  surfaces  in  contact  with  the  cloth  were  ground  flat.  A  strip  of  the  cloth  to  be 
tested  was  inserted  between  the  two  pieces  of  tube.  The  tension  of  the  springs  sers-ed  to 
hold  it  in  place  and  probably  sufficed  to  prevent  any  considerable  amount  of  air  escaping 
around  the  junction.  The  aspirator  was  provided  with  a  scale  and,  for  the  purpose  of  the 
experiments,  the  time  taken  to  sink  through  the  distance  between  two  marks  was  observed. 
The  same  marks  were  always  used  and  corresponded  to  a  volume  of  about  3830  c.c.  The  air 
pressure  was  observed  on  the  water  gauge  {B).  The  weight  on  the  aspirator  was  constant 
but  unfortunately  the  passages  between  it  and  the  cloth  holder  were  not  free  enough  to 
allow  the  same  pressure  to  be  maintained  with  all  the  different  kinds  of  cloth  tested.  The 
pressure  was  a  good  deal  less  with  the  more  porous  cloths.  The  test-piece  was  moved  between 
each  obsersation,  and  in  some  cases  other  pieces  of  the  same  cloth  were  used. 

Among  the  cloths  selected  the  most  notable  was  a  piece  of  calico  which 
had  been  a  great  deal  worn.  And,  for  purposes  of  comparison,  a  new  piece 
of  a  similar  cloth,  washed  only  once,  was  included.  The  sample  of  old  khaki 
drill  was  also  a  good  deal  worn  as  the  tests  indicate. 
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It  is  cnoiiuh  (()  prt'st'iit  two  sets  of  results  in  dct.ail: 
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The  times  and  pressures  have  been  used  as  factors  and  the  results  in  the 
third  column  can  be  regarded  as  inversely  proportional  to  the  porosity. 
The  mean  results  with  different  cloths  are  as  follows 


Experi- 

Transmission 

ments 

Time 

Pressure 

factor 

Calico,  old,  1 

8 

18-7 

45-25 

844-0 

Calico,  new,  2     ... 

4 

360 

59-50 

2142-5 

Khaki  "solaro,"Vin 

3 

710 

61-50 

4373-0 

White  drill,  XIV 

4 

86-7 

60-00 

51990 

Khaki  drill,  thick,  old. 

3        3 

88-7 

59-30 

52630 

Khaki  drill,  new,  V 

3 

1280 

63-50 

8137-0 

These  figures,  obtained  with  crude  apparatus,  may  leave  a  good  deal  to 
be  desired,  but  they  serve  to  show  the  kind  of  differences  of  porosity  that 
exist  between  various  cloths.  If  the  matter  proves  of  sufficient  importance  it 
would  be  simple  to  devise  means  by  which  fabrics  could  be  tested  under  definite 
conditions  so  that  observations  might  be  comparable.  The  present  set  serves 
to  show  that  the  old  calico  is  more  than  twice  as  porous  as  the  new,  which 
again  is  at  least  double  as  porous  as  the  khaki  solaro  and  the  white  drill. 
The  new  khaki  drill  is  evidently  a  very  dense  cloth. 

In  the  tropics  where  comparatively  light  clothing  is  worn  the  human  body 
may  be  regarded  as  encased  in  loose  tubes  of  fabric,  and  comfort  must  depend 
largely  on  the  rate  at  which  evaporation  can  take  place  from  the  skin.  Having 
obtained  some  evidence  on  the  influence  of  texture  on  the  passage  of  air  it 
became  necessary  to  see  how  far  this  might  influence  evaporation  from  moist 
surfaces  enclosed  in  the  cloths.  This  was  done  in  apparatus  referred  to  as 
lanterns,  one  of  which  is  shown  in  Fig.  3.  Each  consisted  of  a  wooden  frame 
formed  of  stout  discs  held  in  position  by  two  laths.  The  ends  of  a  piece  of 
cloth  53  X  20  cm.  were  stitched  together  so  that  it  formed  a  tube  that  fitted 
fairly  closely  and  could  be  drawn  on  to  the  frame.  It  was  fast^ened  by  being 
tied  with  tapes  against  the  discs.  The  cloth  surface  freely  exposed  between 
the  discs  was  approximately  51  x  15-5  cm.  in  each  case.    One  of  the  discs 
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was  provided  with  a  couple  of  eyes  by  which  the  lantern  could  be  hung  and 
a  hole  through  which  the  tube  of  a  piche  evaporimeter  passed. 

The  evaporimeters,  kindly  lent  by  the  Physical  Department  of  Egypt, 
were  the  standard  model  used  in  meteorological  stations  in  Egypt  and  the 
Sudan.    Allowing  for  the  diameter  of  the  tube  and  support,  the  paper  circle 


5b 


Fig.  3.   Evaporation  Lantern. 

of  the  evaporimeter  presented  a  wetted  surface  12-7  sq.  cm.  in  area.  The 
lanterns  duly  fitted  up  w^ere  hung  about  80  cm.  apart  on  a  pole  in  an  airy 
verandah.  A,  on  the  east,  may  not  have  been  quite  so  freely  exposed  as  D, 
on  the  west.  B  was  left  without  any  cloth  covering,  to  serve  as  a  control  on 
the  other  three.  The  fall  of  the  water  in  the  evaporimeter  tubes  was  observed 
at  intervals  and  the  readings  were  as  follows: 


Calico,  new,  washed  once  A 
Evaporimeter  without  cloth  B 
Calico,  old  and  worn  C 

Khaki  drUl,  new,  V  D 

Thermometer  Dry  bulb 
Thermometer  Wet  bulb 

The  wet  and  dry  bulb  thermometers  were  situated  in  a  freely  ventilated 
room,  opening  from  the  verandah,  and  the  readings  of  these  are  added.  This 
experiment  continued  until  the  following  day,  and  during  the  night  and  early 
morning  of  June  11  there  was  a  good  deal  of  wind.    A  dust  storm  arose 
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sul)siu|U('ntly,  and  on  ojjciiiii;^  up  the  laiilcrns  it  was  found  that  dust  liad 
penetrated  both  the  cahcos,  niorc^  (,hrou;zh  th(^  ohi  one,  wliile  ahnost  none  had 
penetrated  the  thick  khaki  drill.  Tlic  total  amounts  evaporated  on  this  and 
on  anotlier  occasion  were  as  follows 

Cnlico,  jK'w 

K\nip()iim('(cr  wit  limit  cloth     li 

Calict),  olil  and  uoiii 

Klmlii  drill,  new 

The  transmission  factors  obtained  in  othc^r  (ixpcriinents  are  fj noted  along- 
side for  comparison.  It  is  remarkable  that  in  spite  of  wide;  diff<'rences  in 
textures,  the  evaporation  occurs  at  almost  similar  rates  throui^h  these  very 
difTerent  types  of  cloth.  The  explanation  appears  to  be  that  the  water  vapour 
passes  out  by  diffusion  and  the  texture  of  the  fabric  hardly  makes  a  difference 
so  long  as  it  stops  actual  circulation  but  permits  diffusion.  Circulation  of 
air  is  much  hindered  even  by  such  open  textures  as  those  of  the  wire  used  for 
mosquito  proof  structures  as  is  well  known.  In  an  exposed  situation,  a  strong 
wind  is  very  much  reduced  and  many  of  us  know  how  the  few  breaths  of  air 
on  a  calm  night  appear  to  be  completely  cut  off  by  such  gauze. 

Doubtless  there  is  a  limit  to  the  amount  of  moisture  that  can  diffuse 
through  a  unit  area  of  cloth  and  this  was  not  reached  in  the  experiments 
just  described,  but  if  the  evaporimeter  had  been  larger  the  rates  of  loss 
might  have  borne  some  relation  to  the  porosity.  It  cannot  be  denied  that 
single  thicknesses  of  light  textured  fabrics  form  the  coolest  kinds  of  clothes, 
but  perhaps  the  comfort  is  partly  due  to  the  clothing  being  loose  and  pro- 
moting circulation  of  the  air  by  a  kind  of  bellows  action.  The  relation  of 
texture  to  comfort  is  clearly  a  direction  in  which  more  experiments  are  needed. 

TRANSLUCENCY  OF  CLOTHS. 

Writers  on  tropical  hygiene  tell  a  great  deal  about  the  baneful  effects  of 
the  ultra-violet  solar  rays  and  this  has  been  expounded  at  length  by  Wood- 
ruff^. With  a  view  to  obtaining  some  direct  evidence  on  the  transparency  of 
different  kinds  of  clothing  to  actinic  rays  some  sheets  of  ordinary  photo- 
graphic P.O. P.  were  exposed  for  certain  lengths  of  time  in  full  sunhght, 
behind  strips  of  different  kinds  of  cloths.  Three  sets  of  results  have  been 
photographed  and  are  shown  in  Plate  I.  The  cloths  were  as  follows: 

White  calico         ...  ...  ...  ...  ...  2 

White  calico,  doubled     ...  ...  ...  ...  2^; 

White  drUl  XIV 

Pale  blue  "lebeni"  ...  ...  ...  ...  XI 

Dark  blue  "zerak"  ...  ...  ...  ...  H 

Black  serpe  ...  ...  ...  ...          ...  ill 

Khaki,  thin  drill X 

Khaki  "scdaro"    ...  ...  ...  ...  ...  ^  III 

Khaki  sorpe  ...  ...  ...  ...  ...  ^  II 

Khaki,  thick  drill  a.s  VI.  I»ut  much  more  worn  3 

»  Woodruff  (1915),  The  KfferU  of  Tropical  Light  on  While  Men,  I>ondon. 
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The  uppermost  set  shown  in  the  figure  was  exposed  for  five  minutes  from 
10.52  to  10.57  a.m.  on  June  14,  1918.  The  second  set  was  exposed  for  30 
minutes  from  12.42  to  1.12  p.m.  on  June  14,  1918.  And  the  third  set  for  60 
minutes  from  11.7  a.m.  to  12.7  p.m.  on  October  4,  1918. 

The  same  strip  of  pale  blue  "lebeni,"  XI,  was  used  in  both  the  first  and 
second  sets  and  strips  of  thin  and  thick  khaki  drill,  X  and  3,  are  common  to 
the  second  and  third  sets.  The  prints  suggest  that,  at  any  rate,  in  the  more 
opaque  cloths,  the  translucency  is  related  to  the  porosity.  The  samples  of 
black  cloth  and  thin  khaki  have  both  proved  slightly  translucent  compared 
with  the  thick  khaki  drill  which,  even  after  being  subject  to  considerable 
wear,  still  remained  very  opaque,  since  the  photographic  paper  shaded  by  it 
was  practically  unafiected  after  a  whole  hour  of  exposure  in  clear,  midday 
sunshine. 

The  pale  blue  cloth  clearly  affords  good  shade  and  the  paper  below  it 
was  hardly  affected  in  five  minutes  though  there  was  a  marked  effect  after 
half  an  hour  as  shown  by  the  second  set.  The  only  cloth  that  proved  at  all 
translucent  was  the  white  calico  included  in  the  first  set,  exposed  for  five 
minutes  only,  and  even  this  shaded  the  paper  considerably  as  is  shown  by 
comparison  with  the  tint  assumed  by  the  unshaded  paper.  For  the  rest  the 
cloths  evidently  cut  off  a  very  large  proportion  of  the  active  parts  of  sunlight. 
The  doubled  piece  of  calico,  2a,  is  seen  to  be  as  effective  a  shade  as  the  white 
drill  but  both  these  are  more  translucent  than  the  pale  blue  cloth  XI.  Even 
with  these  the  proportion  of  ultra-violet  rays  that  penetrate  may  be  practi- 
cally harmless  to  the  human  skin,  while  they  must  be  altogether  negligible  from 
physiological  standpoints  with  the  more  opaque  cloths  that  have  allowed 
only  small  effects  on  the  photographic  paper  during  the  longer  exposures. 
With  the  aid  of  some  kind  of  optical  wedge,  definite  comparisons  of  trans- 
lucency could  be  obtained  but  the  means  were  not  available  and  the  results 
of  simpler  methods  seem  to  be  enough  for  our  immediate  purpose. 

There  appears  to  be  no  doubt  that  radiations  of  the  shorter  wave  lengths 
are  responsible  for  sun  burning,  since  very  similar  effects  can  be  produced 
by  artificial  sources  of  ultra-violet  light.  In  comparing  such  artificial  effects 
it  is  to  be  noted  that  much  shorter  wave  lengths  may  be  involved,  than  those 
of  the  radiations  which  reach  us  from  the  sun.  Meithe  and  Lehmann  have 
shown  that  these  are  cut  off,  regardless  of  terrestrial  altitude,  at  0-291  ju,, 
though  Dember,  with  more  sensitive  apparatus,  recorded  effects  at  0-280 /x. 
The  results  previously  obtained  by  Cornu  suggest  that  the  shortest  effective 
wave  lengths  reaching  us  from  the  sun  are  in  the  vicinity  of  0-295 /x,  and 
Lyman'  remarks  that  ever  since  quartz  apparatus  and  the  photographic  plate 
have  been  used  in  the  study  of  the  solar  spectrum,  it  has  been  found  to  become 
suddenly  weakened  near  0-3 /x.  Until  experiment  has  proved  the  contrary  it 
appears  justifiable  to  neglect  the  physiological  action  of  solar  rays  of  wave 
lengths  shorter  than  0-295 /x  and  possibly  those  between  this  and  0-3 /x  are 

^  Lyman  (1914),  Spectroscopy  of  the  Extreme  Ultra- Violet,  London,  p.  18. 
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too  attenuated  to  be  of  imieli  iinportaiice.  This  l)rin;^^s  us  to  possible,  fallacies 
in  connection  witli  tlu'  experiment  witli  j)]iot()<;raphic  paper  and  the  trans- 
lucencv  of  clotlis.  The  ch)ths  were  covered  with  a  sheet  of  j^dass  about  !•!  iiim. 
thick  wliich  is  certain  to  have  absorbed  some  of  the  sliortest  rays,  nor  can 
I  state  that  the  «;ehitino-citro-chloride  emulsion  of  the  pliotoj^raphic  paper 
was  full\'  sensitive  to  the  shortest  wave  len<itlis  of  sunli^zht.  The  limitations 
of  such  paper  are  dou])tlcss  well  known,  consecjuentiy  it  is  unnecessary  to 
discuss  them.  To  obtain  evidence  on  the  transparency  of  th(^  ;{lass  plate  a 
piece  of  the  paper  was  partly  shaded  by  it  and  exposed  to  full  sunli^dit  for 
several  minutes.  On  the  print  the  dilTerence  in  tint  between  the  shaded  and 
unsluided  parts  is  so  sliglit  that  it  is  difficult  to  say  with  certainty  that  the 
unshaded  part  is  darker.  This  tends  to  show  that  the  ^dass  has  no  marked 
absorption  in  the  region  of  the  solar  rays  that  chiefly  affects  the  emulsion, 
which  presumably,  in  common  with  other  photo<iraphic  preparations  of 
gelatine  and  silver  salts,  is  sensitive  to  a  considerable  range  of  rays  in  the 
ultra-violet.  In  any  case  it  appears  reasonable  to  conclude  that  cloths  that 
have  formed  effective  screens  to  part  of  the  longer  ultra-violet  waves  will 
prove  quite  as  eflficient  in  the  region  of  the  shortest  wave  lengths  included  in 
sunlight. 

Turning  now  to  the  practical  effects  of  the  cloths,  my  skin  is  extremely 
sensitive  to  sunburn,  and  I  have  found  by  experience  that  white  calico,  2, 
which  proved  the  most  translucent  of  the  cloths  tested,  is  an  efficient  pro- 
tection so  thafc  my  skin  does  not  become  discoloured  even  after  prolonged 
exposure  beneath  it.  For  example,  in  the  course  of  journeys  involving  many 
davs  riding  and  walking,  a  shirt  of  a  single  thickness  of  such  cloth  has  proved 
ample  covering  even  through  the  middle  hours  of  the  day.  There  are  many 
facts  that  suggest  that  the  harmfulness  of  the  ultra-violet  rays  of  sunlight 
in  the  tropics  have  been  much  over-rated,  and  among  them  may  be  noted  the 
conditions  prevailing  in  Alpine  resorts  where,  possibly  owing  to  the  altitude 
(Langley),  but  perhaps  mainly  due  to  the  efficiency  of  snow^  in  reflecting 
rays  of  the  shorter  wave  lengths,  there  are  exhibited  ordinary  effects  of  ultra- 
violet light  such  as  extreme  sun-burning  and  conjunctivitis  of  the  eyest  yet 
it  appears  that  no  case  of  "sunstroke"  has  been  recorded  from  these  cold 
regions.  Other  illustrations  can  be  drawn  from  elevated  districts  within  the 
tropics  such  as  the  plateaux  of  Abyssinia,  the  higher  parts  of  East  Africa 
and  South  America,  w^here,  so  long  as  the  temperature  is  cool,  life  seems  to 
be  pursued  with  little  attention  to  the  violet  and  ultra-violet  rays  which  must 
be  at  least  as  powerful  as  in  the  hotter,  low-lying  parts  where  protection 
against  them  has  beea  so  strongly  upheld.  It  remains  to  be  remarked  that  in 
the  hottest  parts  of  the  tropics  where  conditions  border  on  the  limits  capable 
of  being  endured  by  man  every  additional  disturbing  factor  is  of  importance, 
and  among  these  is  the  sensation  of  glare  which  certainly  promotes  headaches 
and  may  predispose  to  other  disorders  even  though  the  light  to  which  it  is 

»  J.  \"   Kowalflki,  Nature,  Lxxxii.  144. 
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due  is  less  than  that  withstood  without  complaiut  in  neighbouring  regions  of 
considerable  altitude.    For  such  reasons,  hats  should  shade  the  eyes. 

The  height  of  the  sun  has  an  important  influence  and  though  the  light 
appears  bright  it  seems  to  have  no  burning  ettect  on  the  skin  for  about  two 
hours  after  it  has  risen,  or  until  it  has  reached  an  altitude  of  nearly  30°.  The 
onset  of  the  burning  is  then  rapid,  as  if  the  atmosphere  has  a  steep  absorption 
curve  for  the  rays  which  cause  the  effect.  It  then  becomes  suddenly  obvious 
that  skin  hitherto  exposed  must  be  protected,  the  shirt  sleeves  rolled  down 
for  instance,  if  a  painful  burn  is  to  be  avoided.  Doubtless  the  active  rays  are 
cut  off  when  the  sun  falls  below  a  certain  height  in  the  afternoon  but  the 
transition  is  more  difficult  to  observe,  suffice  it  that  devotees  of  outdoor 
sports,  such  as  are  usually  limited  to  the  last  hours  of  sunlight,  do  not  appear 
to  show  marked  sun-burning.  There  is  a  peculiarity  connected  with  sun- 
burning  that  still  remains  to  be  explained,  though  a  thin  covering  is  enough 
to  protect  from  it  yet  it  does  not  seem  essential  that  the  sun  rays  should  act 
directly.  The  brim  of  any  good  sun  helmet  is  wide  enough  to  keep  the  face 
completely  in  shadow  yet  the  face  becomes  burnt  right  up  to  the  point  where 
the  forehead  comes  in  contact  with  the  hat.  The  under  side  of  the  chin  which 
can  hardly  ever  be  exposed  to  direct  sunlight  also  becomes  burnt,  and  thus 
it  must  be  concluded  that  a  proportion  of  the  burning  rays  is  capable  of 
reflexion  even  from  surfaces  of  dark  soil  such  as  prevail  over  large  tracts  of 
the  Egyptian  Sudan.  Wind  certainly  promotes  sun-burning  and  it  was  con- 
sidered whether  the  effect  might  be  indirect,  the  rays  acting  in  some  way  on 
the  air  which  then  affected  the  skin  but  the  protection  afforded  by  a  thin 
covering  points  to  a  simple  action  of  rays  whether  these  are  direct  or  reflected. 

GENERAL  DISCUSSION. 
Historical. 

In  this  part  of  Central  Africa  it  is  still  difficult  to  find  the  literature 
necessary  to  complete  a  full  discussion  of  the  subject  of  this  paper,  and  it  is 
hoped  that  this  is  enough  excuse  for  omission  to  refer  to  the  work  of  others, 
if  such  exists,  covering  the  same  or  cognate  ground.  If  such  work  exists,  it 
does  not  seem  to  have  gained  the  consideration  that  it  deserves,  since  the 
aspects  treated  in  the  present  paper  have  been  largely  overlooked  in  several 
of  the  standard  works  and  introductory  manuals  dealing  with  health  in  the 
tropics. 

The  classical  experiment  on  the  subject  w^as  done  by  Benjamin  Franklin 
about  the  close  of  the  eighteenth  century.  He  described  jt  in  a  letter  addressed 
to  Mary  Stevenson,  which  is  quoted  by  John  Tyndall^  as  a  preface  to  a 
chapter  on  radiant  heat.  Franklin  took  a  number  of  different  coloured  pieces 
of  cloth  and  laid  them  on  snow  in  sunlight.    In  due  course  he  observed  that 

1  Tyndall,  J.  (1871),  Fragments  of  Science,  3rd  ed.,  London,  p.  220.   Franklin's  letter  has  been 
omitted  in  some  of  the  later  editions. 
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the  hlack,  lia\iii;i;  hiu'ii  wanned  iiiosl  by  iJic,  sun,  had  sunk  (h'cpcst  and  waH 
no  l()n«jjer  witliin  the.  stroke  of  th(^  suii\s  rays.  The  dark  hluo  had  sunk  ahnost 
as  deep  as  the  hhick,  the  lij^hter  bhie  not  (juite  as  miieh,  and  the  other  colours 
in  })r()|)()rli()n  as  they  were  li<^}iter,  while  tlic  while  rcniaincd  on  ihe  surface. 
He  proceeds  to  coninicnt  on  the  e.xpciiiiicnt  :  ''  \V  hat  signifies  })hilosophy  that 
does  not  apply  to  some  use,"  and  points  out  that  black  cloths  are  not  so  fit 
to  wear  in  a  hot  sunny  climate  or  season.  That  soldiers'  and  sailors'  uniforms 
in  the  tropics  should  be  of  white  but  that  ladies'  summer  hats  should  be 
lined  with  black  so  as  not  to  reverberate  on  their  faces  the  rays  that  are 
reflected  up  from  the  ground.  He  pointed  out  also  tliat  fruit  walls,  being 
blackened,  receive  so  much  heat  from  the  sun  as  to  continue  warm  in  some 
degree  through  the  night. 

Leslie  and  Melloni  may  be  mentioned  as  among  those  who  carried  on 
extensive  researches,  during  the  early  part  of  the  nineteenth  century,  on  the 
absorptive  and  emissive  powers  of  various  substances.  Very  full  accounts  of 
this  work  are  to  be  found  in  some  of  the  older  text-books  and  a  brief  reference 
is  all  that  is  required  here.  They  studied  the  emissivities  of  different  pigments 
on  the  surfaces  of  vessels  containing  boiling  water,  and  Melloni  observed  the 
different  amounts  of  absorption  of  the  radiations  emitted  by  such  sources 
as  the  Locatelli  lamp,  incandescent  platinum,  copper  at  400'  C.  and  copper 
at  100°  C.  The  field  was  subsequently  entered  by  Tyndall,  who  pointed  out 
that  the  earlier  investigators  had  neglected  the  absorptive  properties  of  the 
gum  which  they  had  used  in  the  application  of  their  pigments.  All  these 
researches  dealt  with  comparatively  low  temperature  sources  which  emit 
radiations  of  long  wave  lengths,  and  consequently  the  results  obtained  cannot 
be  compared  with  those  due  to  solar  radiation,  which  has  its  maximum  within 
the  range  of  the  visible  spectrum.  With  these  longer  wave  lengths,  Tyndall 
found  it  possible  to  show  that  a  black  looking  substance,  iodine,  might  reflect 
heat,  while  a  w^hite  one,  alum,  absorbed  it,  becoming  very  hot  and,  with  the 
results  of  such  an  experiment,  he  turned  to  one  of  his  audiences  with  the 
remark  that  "this  simple  result  abolishes  a  hundred  conclusions  hastily  drawn 
from  the  experiment  of  Franklin^"  Tyndall  was  under  the  impression  that, 
even  in  the  case  of  the  sun,  the  bulk  of  the  radiations  consisted  of  invisible 
calorific  rays,  and  he  regarded  the  snow  as  at  least  as  good  an  absorber  of 
these  long  rays  as  the  white  cloth  which  did  not  sink  into  its  surface.  The 
sinking  of  the  black  cloth  he  explained  by  pointing  out  that,  besides  absorbing 
the  heat  rays  just  as  the  white  one  did,  it  also  added  the  absorption  of  the 
whole  of  the  luminous  rays.  The  weight  of  Tyndall's  authority  and  the  wide 
popularity  of  his  writings  are  doubtless  the  principal  reasons  why  the 
absorptive  properties  of  cloths  and  structural  materials  has  received  so  little 
attention  since. 

The  fallacy  in  Tyndall's  position  is  that  the  maximum  energy  in  the 
solar  spectrum  at  the  earth's  surface  is  well  within  the  limits  of  the  visible 

^  Fragments  oj  Science,  6th  ed.,  I»ndon,  1879,  i.  88. 
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spectrum,  even  under  various  conditions  of  terrestrial  altitude  and  the  sun's 
height.  The  relative  intensity  of  solar  radiation  is  dealt  with  on  the  basis  of 
Smithsonian  physical  tables  by  Messrs  J.  D.  Edwards  and  M.  B.  Long^,  and 
their  curves  show  that  the  proportion  falls  rapidly  at  the  beginning  of  the 
infra-red,  so  that  it  is  already  small  at  l-O/x  and  becomes  practically  negligible 
beyond  2-0/i.   Langley  traced  it  as  far  as  5-5/x. 

In  recent  years  the  absorptive  properties  of  pigments  have  come  into 
prominence  in  connection  with  the  painting  of  oil  reservoirs  and  balloon 
fabrics.  Experiments  in  regard  to  the  former  were  described  before  the 
Pennsylvania  State  Association  of  Master-painters^.  A  caron  arc  was  used 
as  the  radiant  source  so  that  the  results  are  not  comparable  with  those  to 
be  obtained  with  solar  rays.  The  figures,  for  instance,  yielded  by  tin  and 
aluminium  plates,  were  comparable  with  those  for  white,  and  this  was  certainly 
due  to  the  much  greater  proportion  of  longer  waves  in  the  spectrum  of  in- 
candescent carbon.  The  properties  of  balloon  fabrics  have  been  described 
by  Messrs  J.  D.  Edwards  and  M.  B.  Long  in  a  very  important  paper^.  They 
dealt  with  the  reflexion,  transmission  and  absorptive  properties,  and  used  the 
rays  from  a  tungsten  lamp,  after  passage  through  a  2  per  cent,  solution  of 
cupric  chloride,  which  they  estimated  had  a  maximum  near  0-6 ju  as  com- 
pared with  0-5 ju,  for  the  sun's  rays  at  the  earth's  surface.  Some  measurements 
with  sunlight  were  also  made  and,  while  they  diflEer,  yet  they  show  that 
valuable  conclusions  could  be  drawn  from  those  made  with  the  artificial 
light. 

The  temperature  experiments  described  in  the  present  paper  are  dis- 
tinguished from  most  of  the  former  ones  in  that  they  have  been  made  by  solar 
radiation  and,  moreover,  they  have  been  carried  out  in  a  part  of  the  tropics 
where  thermal  environment  has  a  very  direct  bearing  on  man's  comfort. 

The  Present  Experiments. 

At  the  outset  it  is  to  be  noted  that  the  experiments  have  been  carried  out 
either  in  Haifa,  125  m.  above  sea  level,  or  in  Khartoum,  383  m.  above  sea 
level.  These  altitudes  are  not  great  but  the  relative  humidity  at  2  p.m.  at  the 
seasons  during  which  the  temperature  observations  were  made  averages  from 
15  per  cent,  to  20  per  cent.  Such  figures  show  that,  at  any  rate,  the  surface 
layers  must  be  more  transparent  than  may  be  the  case  in  humid  parts  of  the 
tropics.  The  small  humidity  does  not  apply  to  the  upper  layers  as  may  be 
seen  sometimes  by  the  existence  of  high  clouds  often  moving  in  a  direction 
quite  different  from  that  of  the  surface  wind.  The  occasional  presence  of  such 
clouds  suggests  that,  at  other  times,  there  are  masses  of  humid  air  which  are 
not  at  saturation  point  and  remain  invisible  to  the  eye.  Since  the  sunlight 
has  been  filtered  through  them,  little  difference  is  to  be  expected  in  the 
character  of  the  radiation  as  compared  with  that  in  other  regions.  Inequalities 

^  Effect  of  Solar  Radiation  upon  Balloons,  Bureau  of  Standards,  Washington,  1919,  p.  5. 
2  Scientific  American,  cxvi.  151,  1917.  ^  Op.  cit. 


of  this  kind  iij)j)('ar  to  bo,  a  likely  caiiHc,  of  the,  irrc<iulariti('.s  that  occur  in  sonio 
of  the.  t('ni})eraturo  curves.  The  most  strikiri};  instance  is  the  fall  recorded  at 
midday  durin,L,'  an  oxperimont  at  Haifa  on  May  15,  191G.  Smaller  irre^nilarities 
occur  in  nearly  all  the  results  ^iven  hy  painted  flasks,  while  the  cloths  have 
yielded  much  smoother  records.  These  smaller  irre^ulariti(;s  may  be  partly 
due  to  local  air  conditions  in  varying  the  amount  of  loss  due  to  convection. 
Such  matters  are  only  incidents  in  the  investipjation  and  whatever  the  causes 
may  be  tliey  do  not  affect  the  main  thesis. 

The  temperatures  recorded  under  the  various  cloths  and  paints  merely 
represent  the  points  at  which  equilibrium  was  establislied  between  the  gain 
due  to  absorption  and  the  losses  due  to  emission  and  convection.  1  turned  lately 
this  is  recognised,  it  is  obvious  that  the  rate  of  heat  absorption  for  the  hotter 
cloths  and  paints  is  very  much  higher  compared  with  the  cooler  ones,  and  is 
not  indicated  by  the  simple  difference  in  temperature.  According  to  Stefan's 
law  the  radiation  is  proportional  to  the  fourth  power  of  the  absolute  tem- 
perature and  in  addition  there  are  the  losses  due  to  convection. 

Cloths  offer  simpler  cases  than  the  paints  since  the  losses  are  to  a  less 
extent  due  to  convection.  In  looking  at  the  relationships  of  the  colours  to 
temperatures,  we  have  hitherto  been  looking  at  only  one  side  of  the  equation, 
and  it  becomes  of  importance  to  consider  the  emissive  properties  of  the 
various  materials.  The  emission  can  only  occur  in  the  form  of  long  waves 
such  as  issue  from  bodies  at  100°  C.  or  less  and,  so  long  as  the  substances 
behave  as  "black  bodies"  in  this  part  of  the  spectrum,  we  are  justified  in 
considering  the  rate  of  absorption  of  solar  rays  as  the  principal  factor  in  the 
temperature  attained  on  exposure  to  the  sun.  Aitken^  studied  the  radia- 
ting powers  of  cloths  at  temperatures  in  the  neighbourhood  of  freezing 
point  and  found  that  there  was  no  appreciable  difference  between  black 
and  white  fabrics,  nor  did  the  experiments  show  any  difference  in  radiating 
powers  of  cotton,  wool  or  paint.  He  experimented  with  a  number  of  sub- 
stances and  remarks  that  sulphur  was  one  of  the  few  substances  which  radiate 
less  heat  than  a  black  surface.  The  emissive  powers  of  various  substances 
at  100°  C.  were  compared  by  Leslie,  who  found  that  white  lead  radiated 
as  efficiently  as  lamp-black  and  writing  paper  almost  equally  well.  Tyndall 
pointed  out  that  some  of  Leshe's  conclusions  were  vitiated  by  the  medium 
which  he  had  used  in  the  application  of  powders  and  that  both  gum  and 
gelatine  are  good  radiators.  The  influence  of  the  medium,  therefore,  is  to  be 
borne  in  mind  in  considering  the  results  yielded  by  our  painted  flasks.  AVith 
the  exception  of  the  whitewash  some  medium  was  involved  in  the  application 
of  all  the  paints  tested  and  quite  possibly  had  as  great  an  influence  on  the 
emissive  properties  as  the  pigments.  The  low  emissive  properties  of  met^ils 
at  such  temperatures,  particularly  from  their  polished  surfaces,  are  well  known. 
Aitken  experimented  with  a  polished  piece  of  tin  at  temperatures  near  freezing 
point  and  his  results  bore  out  those  of  previous  investigators  in  showing  that 
1  John  Aitkon,  Trans.  Roy.  Sor.  Edin.  xxxm.  36  et  wj. 
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there  was  little  loss  by  radiation.  Coblentz^  records  that  they  all  have  high 
reflecting  properties  for  waves  longer  than  3/x,  but  the  absorption  becomes 
considerable  in  the  visible  part  of  the  spectrum.  Recent  experiments'^  on 
radiation  up  to  temperatures  of  200°  C.  have  generally  borne  out  Leslie's 
and  TyndalFs  results,  and  it  is  stated  that  a  coat  of  almost  any  kind  of  paint, 
regardless  of  colour,  gives  from  80  per  cent,  to  90  per  cent,  of  the  radiation 
of  a  black  body.  Aluminium  paint  gives  only  45-55  per  cent,  of  the  radiation, 
but  this  depends  on  the  nature  of  the  vehicle,  so  that  what  appears  the  same 
to  the  eye  may  differ  considerably  in  radiation. 

In  order  to  obtain  some  direct  evidence  on  emissive  properties  of  the 
painted  flasks,  measured  quantities  of  water  from  a  boiling  kettle  were  poured 
into  four  of  them.  They  were  placed  on  the  mat-covered  wooden  floor  of  a 
room  w^here  the  air  was  kept  as  still  as  possible  and  the  water  was  stirred 
and  the  temperatures  read  at  intervals  with  the  following  results: 


9.35  p.m. 

10 

.21  p.ra. 

11.30  p.ra. 

Whitewash 

86-0 

60-6 

45-5 

Black  paint 

86-3 

61-7 

46-5 

White  enamel 

88-0 

631 

470 

Dark  green 

86-8 

64-2 

48-2 

These  figures  tend  to  show  that  there  were  very  small  differences  in  the 
rates  of  cooling  and  such  as  there  were  are  possibly  well  within  the  limits  of 
experimental  error. 

The  properties  of  metallic  surfaces  are  involved  in  the  cases  of  some 
flasks  included  in  the  combined  experiment  of  June  14,  1918.  The  plain  tin 
attained  57-2  per  cent,  of  the  difference  between  the  black  and  white  standards. 
Tw^o  flasks  w^ere  painted  half  black  and  the  other  halves  were  plain  tin  and 
w^hitewashed  respectively.  During  the  experiment  the  black  halves  w^ere 
kept  facing  the  sun  so  that  the  absorption  occurred  on  that  face.  The  tem- 
perature of  the  flask  with  the  nether  half  whitewashed  proved  cooler  than 
that  with  the  half  plain  tin.  Since  the  black  surfaces  must  have  absorbed 
approximately  equal  quantities  of  heat,  the  difference  of  temperature  was 
due  to  the  greater  emissivity  of  the  whitewash,  which  is  what  was  to  be 
expected  from  the  known  properties  of  the  materials.  The  comparatively 
high  temperature  of  the  tin  is  due  to  the  poor  emissivity  for  the  longer  waves, 
allowing  relatively  high  temperature  to  be  attained  before  equilibrium  is 
established  with  the  rate  of  absorption  from  the  solar  rays,  even  though  it 
may  not  absorb  as  efficiently  as  some  paints.  Fabry^  has  pictured  an  extreme 
case  of  this  kind  by  supposing  a  body  to  have  selective  absorption  for  a  wave 
length  of  0-4)Lt  and  this,  he  states,  if  situated  in  space  at  the  same  distance 
as  the  earth  from  the  sun,  w^ould  attain  a  temperature  of  198°  C.  before 
equilibrium  with  the  emission  was  reached. 

1  Investigations  of  Infra  Red  Spectra,  Part  IV,  Washington^  1906,  p.  98, 

2  J  A.  Harker,  Nature,  cii.  324. 

'  Astrophysical  Journal,  xiv.  269. 
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The  nluminiuin  paint  presents  tho  uppearanco  of  a  metallic  surface  but 
is  actually  dilTorent  owin^  to  the  varnish  niediuiii  in  which  the  metallic 
pif];ment  is  embedded.  The  absorption  is  doubtless  mainly  due  to  the  metal, 
and  the  emissivity  may  be  controlled  by  the  medium  so  resulting'  in  a  tem- 
perature in  sunlisiht  tliat  is  about  55  per  cent,  of  the  difference  between  the 
black  and  white  standards.  The  half  black  and  half  white  flask  inciluded  in 
the  combined  experiment  with  its  black  side  towards  the  sun  i^ave  temperatures 
appreciably  lower  than  the  black  standard  and  this,  alone,  rnif^ht  suggest 
that  the  white wasli  has  a  greater  emissivity  at  such  temperatures  than  the 
lamp-black  and  varnish.  This  is  not  borne  out  by  the  experimental  data 
referred  to  above,  though  lamp-black  is  known  to  be  transparent  for  the 
longer  wave  lengths  and,  therefore,  is  likely  to  have  a  correspondingly  less 
emissivity. 

The  character  of  an  ideal,  cool,  paint  for  exposed  surfaces  in  a  sunny 
tropical  climate  is  one  with  the  smallest  absorption  in  the  visible  spectrum, 
and  the  highest  p6ssible  emission  in  the  longer  wave  lengths.  The  radiant 
heat  from  the  inner  surface  might  be  lessened  further  if  that  could  be  made 
of  bright  metal  or  perhaps  coated  with  aluminium  paint  which  appears  to 
have  a  smaller  emissivity  for  the  longer  wave  lengths  than  other  paints. 
In  practice,  for  outer  surfaces,  plain  whitewash  approaches  nearest  the  ideal 
and  white  oxide  paints  are  almost  as  good  as  whitewash.  These  give  com- 
paratively low  temperatures  so  that  the  emissivity  of  the  inner  surface  be- 
comes of  little  consequence. 

In  regard  to  cloths,  the  emissivities  for  the  longer  rays  appear  to  be  much 
alike  and  the  controlling  factor  is  the  absorptive  power  for  sunlight.  Here 
also  white,  is  the  coolest  colour  and  the  experiments  show  the  nature  of  the 
thermal  burden  involved  in  wearing  khaki  or  black  cloths  in  the  tropical  sun. 

The  experiments  have  been  mainly  concerned  with  ordinary  fabrics  or 
paints  on  their  supports.  In  practice,  thick  materials  and  massive  structures 
are  often  involved.  The  ordinary  pith  helmet  may  be  cited  as  an  example  of 
a  thick  material  which  may  be  absorptive  according  to  its  colour,  but  owing 
to  the  low  conductivity  of  the  pith,  the  temperature  of  the  inside  of  the 
helmet  is  almost  completely  controlled  by  that  of  the  freely  circulating  air. 
At  the  suggestion  of  Mr  H.  E.  Hurst,  the  influence  of  white  layers  under 
khaki  was  tried,  with  a  view  to  obtaining  evidence  on  the  thermal  conditions 
ruling  when  a  khaki  coat  is  worn  over  a  white  shirt.  It  was  found  that  the 
intervening  white  layer  made  practically  no  difference  to  the  temperature, 
which  therefore  depends  on  the  colour  exposed  since  there  is  no  free  circulation 
of  air  to  affect  the  temperature  by  convection.  Certain  roofing  materials 
afford  other  examples,  and  in  these,  sometimes  ow^ng  to  the  less  free  cir- 
culation of  the  air  below  and  the  continued  exposure  on  a  sunny  day,  the 
warmth  of  a  hot  outer  colour  may  sometimes  gradually  penetrate.  If  coolness 
is  desired  the  roof  should  be  white.  A  massive  structure  may  be  exemplified 
by  the  brick  wall  of  a  house.  The  amount  of  heat  it  takes  up  depends  on  the 
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surface  it  presents  to  the  sun.  If  this  is  dark  and  in  sunhght  for  many  hours 
during  the  day,  a  great  deal  of  heat  will  be  absorbed  and  the  wall  will  be  found 
to  remain  hot  for  a  long  time.  A  white  wall  absorbs  less  heat,  consequently  has 
less  to  lose  and  must  be  correspondingly  cooler. 

This  paper  has  presented  the  results  of  a  number  of  experiments  on  the 
temperatures  reached  by  different  coloured  cloths  and  paints  exposed  to 
sunlight,  and  reference  to  the  figures,  whatever  the  explanations  may  be, 
shows  the  general  coolness  of  white  as  compared  with  other  colours  and  the 
very  striking  differences  that  may  occur.  Some  attention  has  been  paid  to 
texture  of  cloths.  Translucency  has  also  been  studied  and  it  has  been  shown 
that  many  ordinary  cloths  are  very  opaque  to  actinic  rays.  Even  fairly  thin, 
white  cloth  appears  to  offer  all  the  protection  necessary  to  preserve  tender 
skin  from  ordinary  physiological  effects  of  the  shorter  wave  lengths  of  solar 
light.  When  some  coloured  cloths  are  worn,  a  pad  of  non-conducting  material 
may  be  desirable  to  protect  such  parts  as  the  spine  from  actual  heat.  It  cannot 
have  any  appreciable  influence  as  far  as  the  violet  rays  are  concerned.  A  white 
paint  is  advantageous  for  exposed  wood  work,  since  the  timber  is  not  subject 
to  the  thermal  range  that  must  occur  with  colours.  Apart  from  temperature 
there  is  another  advantage  in  white  clothes,  for  I  have  often  observed  that 
noxious  flies,  such  as  the  tse-tse,  are  not  attracted  by  white  clothing,  conse- 
quently the  wearer  is  less  liable  to  attack.  The  mosquito  seeks  dark  places 
to  roost,  and  the  more  light  that  can  be  propagated  by  white  or  light  colours, 
the  less  will  be  the  attraction  for  these  insects. 

In  conclusion,  I  record  my  thanks  to  the  Public  Works  and  Railways 
Departments  of  the  Sudan  Government  for  help  they  have  given  and  the 
interest  taken  in  the  results.  My  thanks  are  due  to  many  for  much  kindly 
discussion,  and  in  particular  to  Mr  H.  E.  Hurst,  who  lent  me  the  evapori- 
meters. 
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11  IK  WASSKP.MANN  TEST  TN  PA  I  I  KN1\S  AFFK(TP]D 
WrrH  MALARIA  TN  THE  TIJOPTC^S. 

Hv   l)R  K.   II.   IIKIIEWERTII  and  W.  A.  KOP. 
(Central  Mililarij  Medical  Laboratory,  Java.) 

INTRODUCTION. 

With  regard  to  the  influence  of  malarial  infection  on  the  Wassermann  test 
some  controversy  prevails: 

Wassermann  and  Lange  (1913)  refer  to  Meyer  and  Bonfiglio  who,  working 
in  Italy,  obtained  a  positive  reaction  in  80  per  cent,  of  the  cases  where  the 
blood  contained  parasites;  in  some  of  their  cases  positive  reactions  were 
obtainable  for  several  months  after  the  disappearance  of  fever  and  parasites. 
For  this  reason  Wassermann  and  Lange  advise  to  put  every  case,  coming 
from  a  malaria-infected  country  and  showing  a  positive  reaction,  under  quinine 
treatment  and  to  repeat  the  test  after  a  lapse  of  six  weeks. 

Schoo  (1910),  Zschucke  (1913),  de  Haan  (1913),  Meyerstein  (1917)  and 
others  also  obtained  a  considerable  number  of  positive  reactions.  Schoo 
obtained  22  positives  out  of  38  cases;  in  several  of  his  cases  the  blood  was 
free  from  parasites  and  there  had  been  no  fever  for  many  days.  Zschucke, 
using  the  Brendel-Miiller  modified  method,  obtained  14  positives  out  of  17  fresh 
cases. 

De  Haan  experimented  at  Batavia,  Java,  on  the  same  class  of  patients 
as  ours  but  used  Wassermann's  original  method.  His  investigations  being 
founded  on  a  sound  basis,  it  is  to  be  regretted  that  his  work  w^as  curtailed. 
He  sought  especially  to  discover  how  long  the  test  would  continue  positive. 
With  the  exception  of  two  cases,  his  examinations  were  only  continued  for 
three  weeks,  consequently  his  results  were  unsatisfactory.  He  obtained  63 
positive  results  in  a  series  of  153  cases  (dO  Europeans  and  113  natives).  Of 
the  Europeans  nine  were  positive  and  31  negative.  Of  the  natives  51  were 
positive  and  62  negative.  Among  the  60  positives  were  29  cases  wherein 
syphilis  could  be  excluded,  these  latter  were  examined  at  regular  intervals 
for  some  time.  Of  six  cases  of  benign  tertian  only  two  were  still  positive  after 
17  days.  Of  23  cases  of  subtertian  fever  eight  were  negative  and  15  were 
still  positive  after  24  days.  Of  the  latter  only  two  were  examined  again  after 
40  and  49  days  and  still  found  to  be  positive. 

Meyerstein  (1917)  does  not  state  the  number  of  cases  he  examined,  they 
were  mostly  cases  of  benign  tertian  and  he  concludes  that:  (1)  the  strongest 
reaction  is  found  on  the  fifth  to  eighth  day,  70  to  80  per  cent,  of  malaria 
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cases  being  positive;  (2)  a  positive  result  after  the  tenth  day  is  very  rare; 

(3)  with  quinine  treatment  the  positive  result  disappears;  (4)  disappearance 
of  the  positive  result  during  quinine  treatment  does  not  mean  definite  cure 
of  the  malaria,  but  cases  which  continue  positive  (syphiHs  being  excluded) 
must  be  considered  as  uncured. 

Sutherland  and  Mitra  (1915)  consider  malaria  to  have  httle  influence 
on  the  Wassermann  test.  They  examined  32  cases  of  benign  tertian  and  18  of 
subtertian  fever.  Though  they  only  took  blood  for  the  test  during  the  fever 
and  in  nine  cases  obtained  a  positive  result,  they  come  to  the  perhaps  some- 
what rash  conclusion  that  a  positive  result  occurs  sometimes  while  the  fever 
lasts,  but  that  in  chronic  cases  no  influence  is  exerted  upon  the  Wassermann 
reaction.  It  would  be  sufficient  to  wait  a  week  after  the  disappearance  of 
the  Plasmodia  from  the  blood,  after  which  the  Wassermann  test  would  be 
rehable. 

de  Jong  (1919)  came  to  a  similar  conclusion.  We  cannot,  however,  discuss 
his  results,  since  we  have  only  had  access  to  a  review  of  his  paper. 

OUR  INVESTIGATIONS. 

None  of  the  papers  on  the  Wassermann  test  in  malaria  mention  a  quanti- 
tative result  of  the  test  and  none  give  sufficient  data  regarding  the  time  during 
which  a  positive  result  persisted. 

Therefore  we  carried  out  our  tests  (1)  during  the  fever  while  there  were 
Plasmodia  in  the  blood;  (2)  after  one  or  two  weeks  of  a  good  quinine-arsenic 
treatment;   (3)  at  regular  intervals  until  negative  results  were  obtained; 

(4)  two  complete  tests  were  carried  out  in  each  case,  one  wdth  heated  (56°  C.) 
and  one  with  unheated  serum. 

As  described  in  a  previously  pubhshed  paper  (1919)  we  use  alcoholic 
extract  of  human  heart.  The  strength  of  the  complement  is  determined  and 
a  complement-unit  estabhshed.  The  test  is  carried  out  with  one,  tw^o,  four 
and  eight  times  the  complement-unit.  Human  serum  is  used  in  the  same 
amount  as  the  extract.  Of  every  case  we  recorded  the  race  to  which  the 
patient  belonged,  the  kind  of  plasmodium,  the  type  of  fever,  if  quinine  was 
used  while  the  blood  was  taken,  and  data  bearing  on  possible  syphiKs  or 
yaws  and  relapses  of  malaria. 

Possibly  syphihtic  cases  were  only  recorded  when  the  Wassermann  reaction 
became  negative.  Here  we  took  for  granted  that  a  positive  result  in  syphihs 
will  not  become  negative  in  a  short  time  without  antisyphilitic  treatment. 
We  only  considered  cases  as  free  from  syphihtic  infection  after  thorough 
investigation;  even  shghtly  dubious  cases  were  always  excluded.  All  cases 
w^ere  treated  by  one  of  us  in  the  wards  of  the  Tropical  School.  Apart  from 
natives,  our  records  relate  to  but  three  Europeans  (syphilitics  being  barred). 

As  most  of  the  tests  had  to  be  made  after  the  men  left  hospital  we  only 
tested  soldiers  because  we  could  call  them  up  again  when  required.  Owing 
to  considerable  shifting  about  of  men  constituting  the  Batavia  garrison  we 


F.  II.  Hkiiewkrtii  and  W.  A.  Kop  279 

lost  many  cases  Ix-forc  (heir  test  bccainc  nc^Mt.ivc.  In  sm-li  cases  we  used  the 
decrease  of  strength  in  the  reaction  as  an  indiw  upon  wliich,  in  part,  to  base 
our  conchisions. 

Europeans  (')  cases).  With  healed  seiiini  all  <:a\'e  negative  results.  With 
unlieated  seiinn  all  «^ave  positive  Wasserniaiiii  reactions  wliidi  became 
neLrati\-e  after  two,  three  and  oiglit  weeks. 

Natives  (41  cases).  With  heated  serum  21  were  positive  and  2i)  ne^'ative. 
With  unlieated  serum  38  positive  and  tlircMi  nef^ative.  Only  three  natives 
yielded  a  completely  negative  result  with  the  Wassermann  test. 

Strength  of  Wassermann  test  in  malaria.  With  heated  serum,  two  cases 
reached  our  final  limit  (+  8)  (Nos.  31  and  40). 

With  unheated  serum,  we  obtained  higher  values  than  with  heated,  as 
we  generally  do  with  this  method. 

Period  during  which  a  positive  result  persists.  With  heated  serum  strong 
positive  reactions  persisted  for  a  considerable  time  (Nos.  24,  26,  27,  28,  29, 
31,  34)  often  more  than  three  months.  Mostly  the  strength  of  the  reaction 
decreased  (Nos.  27,  29,  31,  34). 

With  unheated  serum,  often  the  lapse  of  five  to  six  months  is  insufficient 
to  yield  a  negative  result  (Nos.  19,  23,  25,  27,  29). 

Benign  tertian  and  quartan  fever.  Out  of  12  cases  tested  with  heated  serum 
four  gave  positive  and  eight  negative  results.  Of  the  positive  cases  three  were 
negative  within  14  days,  and  one  was  still  positive. 

With  unheated  serum  all  12  were  positive,  eight  became  negative  and 
four  remained  positive. 

Suhtertian  fever .  With  heated  serum,  out  of  31  cases  17  were  positive  and 
14  negative.  Of  the  positive  cases,  four  became  negative  after  two,  seven, 
six  and  eight  wrecks  respectively.  Many  of  them  were  examined  not  longer 
than  two  weeks  after  the  fever,  hence  there  might  have  been  more  negatives 
if  we  had  been  able  to  examine  them  again.  With  unheated  serum  only  three 
were  negative  and  28  positive.  Here  too  it  must  be  considered  that  many 
could  not  be  examined  after  two  weeks  had  lapsed  from  when  the  fever  ceased. 

The  degree  of  splenic  enlargement  w^as  without  influence  on  the  strength 
of  the  reaction.  Subtertian  fever  seems  to  give  stronger  and  more  persistent 
positive  results  than  benign  tertian  and  quartan  fever.  Europeans  do  not 
seem  to  give  a  positive  result  so  frequently  as  natives,  at  least  not  with  heated 
serum ;  this  may  be  due  to  the  frequent  chronicity  of  malaria  in  natives.  W^e 
are  inchned  to  beheve  that  the  long  persisting  positive  Wassermann  reaction 
is  a  result  of  defective  treatment. 

All  cases  got  15  grains  of  quinine  hydrochl.  twice  a  day  with  liquor 
Fowleri  5  to  15  minims  three  times  a  day  for  14  days.  After  that  period 
they  left  the  hospital  and  were  supposed  to  get  15  grains  of  quinine  twice 
a  week  for  three  months,  but  it  is  very  doubtful  that  this  course  of  treatment 
was  actually  pursued.  Better  treatment  would  perhaps  have  yielded  more 
negatives  and  in  a  shorter  time. 

18—2 
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The  great  number  of  positive  results  obtained  with  Wassermann  tests 
in  natives  naturally  arouses  suspicion  that  hidden  endemic  syphihs,  acc^uired 
and  congenital,  may  have  existed  amongst  them.  Now  (1)  a  tremendous 
degree  of  infection  would  have  to  prevail  if  out  of  specially  picked  persons, 
without  any  sign  or  history  of  syphilis,  50  per  cent,  yielded  positive  results  for  • 
syphilis  by  the  ordinary  Wassermann  test;  (2)  w^e  (1919)  carried  out  the  same 
test  on  natives  of  the  same  kind,  i.e.  healthy  subjects  that  were,  as  far  as  we 
could  ascertain,  free  from  syphihs  and  malaria;  these  subjects  were  used  to 
test  our  Wassermann  with  unheated  serum  in  our  search  for  non-specific 
reactions.  In  21  native  soldiers,  using  the  ordinary  Wassermann  test  with 
heated  serum,  all  yielded  negative  results.  With  unheated  serum  nine  tests 
were  negative  and  12  positive,  the  strength  of  the  positive  cases  not  exceeding 
+  1.  We  next  tried  other  natives  and  obtained  similar  results.  Out  of  35  cases 
34  were  negative  and  one  yielded  a  shghtly  positive  reaction  with  heated 
serum.  With  unheated  serum  21  were  negative  and  14  gave  shghtly  positive 
results. 

Syphilis  is  rather  common  in  Java  and  the  results  mentioned  are  of 
course  not  to  be  considered  as  showing  the  degree  of  infection,  they  merely 
afford  evidence  that  our  results  with  malaria  are  not  impugned  by  the 
presence  of  hidden  syphihs.  When  we  compare  the  results  obtained  with 
malaria,  where  50  per  cent,  were  positive  (heated)  and  95  per  cent,  positive 
(unheated)  with  mostly  strong  reactions  up  to  +  8,  while  with  the  non- 
malarious  natives  none  w^as  positive  with  heated  and  only  slightly  positives 
occurred  with  unheated  serum,  anybody  can  see  that  it  is  the  malaria  and 
not  hidden  syphilis  that  is  giving  the  difference. 

CONCLUSIONS. 

As  a  result  of  our  investigations,  in  connection  with  those  of  de  Haan, 
we  feel  entitled  to  draw  the  following  conclusions: 

(1)  In  many  cases  malarial  infection  causes  a  positive  reaction  to  be  ob- 
tained with  the  Wassermann  test;  50  per  cent,  positives  were  obtained  in 
natives  whereas  in  Europeans  lio  rate  could  be  determined  because  of  the 
small  number  of  cases  available. 

(2)  The  reaction  may  even  attain  a  maximum. 

(3)  A  positive  reaction  may  persist  for  three  to  six  months;  it  may  also 
persist  as  long  in  thoroughly  treated  patients  but  the  reactions  obtained  in 
such  cases  are  as  a  rule  rather  weaker. 

(4)  The  positive  reaction  vanishes  as  a  rule  under  quinine  treatment. 

(5)  The  Wassermann  test  with  unheated  serum  almost  always  gives  a 
positive  result  in  both  natives  and  Europeans  affected  with  malaria. 

(6)  The  Wassermann  test  with  unheated  serum  yields  positive  results 
for  longer  periods  and  gives  stronger  reactions  in  natives  than  in  Europeans. 

(7)  The  difference  which  we  (1919)  found  between  Europeans  and  natives 
when  we  apphed  the  Wassermann  test  with  unheated  serum  (viz.  that,  when 
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healthy  and  non-syphiUtic,  Europeans  always  give  negative  results,  while 
natives  sometimes  give  positive  results)  is  probably  a  sequel  of  malaria. 

For  practical  purposes  we  would  establish  the  following  rules: 

I.  In  a  hearily  infected  malarial  country  a  positive  Wasserniann  reaction 
cannot  be  considered  as  due  to  syphilis  if  there  is  no  special  evidence  in  favour 
of  syphilis. 

II.  If  after  a  good  quinine  treatment  a  positive  Wassermann  reaction  becomes 
negative  or  distinctly  weaker,  without  antisyphilitic  treatment,  probably  the  posi- 
tive Wassermann  was  a  sequel  of  ynalaria. 

III.  Especially  in  natives  a  positive  Wassermann  reaction  does  not  permit 
of  conclusions  without  careful  consideration;  a  positive  result  with  unhealed 
serum  is  in  such  cases  almost  useless,  a  negative  result  of  course  will  be  as  valuable 
as  elseivhere. 

IV.  In  natives,  a  Wassermann  test  conducted  ivith  heated  serum  within 
three  months  from  an  attack  of  malaria  is  of  little  value  for  the  diagnosis  of 
syphilis.  To  consider  a  teU  made  not  more  than  a  week  after  the.  attack  as  advised 
by  Sutherland  and  Mitra  is  certainly  wrong. 
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(/LIXI(\\L  INVESTIGATION  OJ^^  XKIiOPHTHALMIA 
AND  DYSTIJOPHY  TN  INFANTS  AND  YOUNG 
CHILDREN  {XEROPHTHALMIA  ET  DYSTROPHIA 

A  LIPOGENETICA ). 

By  C.  E.  block,  M.D., 

Professor  of  Pediatrics  in  the  University  of  Copenhagen. 

(With  Plates  II-IV  and  5  Charts.) 

Preface  by  the  Accessory  Food  Factors  Committee  {appointed  jointly 
by  the  Lister  Institute  and  the  Medical  Research  Council). 

The  investigations  of  Professor  Bloch  upon  xerophthalmia  in  infants  and 
young  children  are  of  unusual  interest  when  considered  in  conjunction  with 
the  experimental  production  of  the  disease  in  rats  by  a  deficient  diet.  The 
history  of  Professor  Bloch's  researches  is  particularly  instructive.  The  first 
cases  of  xerophthalmia  in  infants  only  came  under  his  notice  in  the  Children's 
Department  of  the  State  Hospital  in  Copenhagen,  after  they  had  been  under 
(unsuccessful)  treatment  in  the  Ophthalmic  Department  of  the  same  institu- 
tion. It  was  noticed  in  many  instances  that  the  children  showed  signs  of 
general  malnutrition  in  greater  or  less  degree  and  it  was  while  giving  attention 
to  this  aspect  of  his  cases  that  Professor  Bloch  discovered  the  striking  curative 
effect  upon  the  eye  disorder  of  giving  a  diet  rich  in  fat,  e.g.  full  milk  and 
especially  cod-liver  oil.  Later,  on  becoming  acquainted  with  the  experimental 
work  upon  xerophthalmia  caused  in  rats  by  a  deficiency  of  the  "fat-soluble" 
accessory  factor,  he  was  able  to  devise  a  treatment  consisting  solely  of  addition 
to  the  diet  of  cod-liver  oil,  as  was  carried  out  in  the  eight  cases  in  the  Copen- 
hagen Children's  Home,  described  below. 

Professor  Bloch's  work  was  published  in  Danish  in  1917  and  1918  and  was 
therefore  not  available  for  the  majority  of  English  readers.  The  Committee  on 
Accessory  Factors  therefore  undertook  the  publication  in  English  of  an  abridged 
translation  of  two  of  the  later  papers,  to  which  Professor  Bloch  has  added  a 
short  account  of  his  experience  in  1918  and  1919.  In  the  meantime  the  more 
important  of  these  papers,  but  without  photographs,  has  appeared  in  the 
Jahrhuchfiir  Kinderheilkunde  (1919),  vol.  lxxxix. 

The  Committee  desires  in  this  place  to  record  its  thanks  to  Dr  Thaysen 
and  to  Dr  E.  E.  Atkin,  by  whom  the  English  translations  were  made. 
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Xerophthalmia  is  considered  a  rare  disease.  Only  amongst  the  negro 
slaves  of  Brazil  and  amongst  the  poorest  and  most  ignorant  inliabitants  of 
Russia  is  it  said  to  have  been  observed  to  any  extent.  The  disease  is  generally 
described  as  follows:  the  first  symptoms  are  dryness  of  the  ocular  conjunctiva, 
which  becomes  wrinkled  and  shrunken.  Later  on  small  yellowish  white  spots 
appear,  as  though  the  conjunctiva  had  been  dotted  with  paraffin  wax.  At 
this  stage  the  disease  is  termed  xerosis  conjunctivae.  The  dryness  rapidly 
spreads  over  the  whole  conjunctiva  and  over  the  cornea,  which  becomes  dull, 
uniformly  hazy  and  insensitive.  Later  the  cornea  turns  greyish  and  still 
later  yellowish,  until  at  last  a  more  or  less  extensive  necrosis  of  the  cornea 
sets  in,  followed  by  ulceration  (keratomalacia).  The  necrosis  and  ulceration 
may  appear  in  the  course  of  a  few  hours. 

It  is  characteristic  of  the  disease  that  there  is  hardly  any  reaction  in  spite 
of  the  far-reaching  changes  in  the  eye ;  lachrymation,  photophobia  and  spasm 
of  the  eyelids  are  absent.  In  the  beginning  no  injection  or  ulceration  of  the 
mucous  membrane  is  seen,  and  no  secretion  takes  place.  A  very  striking 
contrast  thus  exists  between  the  severe  and  mild  types  of  the  disease. 

All  authors  agree  that  the  keratomalacia  is  due  to  insufficient  nutrition 
of  the  cornea,  and  that  this  again  is  a  consequence  of  the  disorganisation  of 
the  whole  mechanism  of  nutrition.  The  disease  therefore  only  occurs  amongst 
children  who  have  been  ailing  for  a  considerable  time,  and  is  often  met  with 
amongst  infants  who  have  been  insufficiently  nourished.  Especially  it  is 
observed  after  prolonged  diarrhoea,  and  debilitating  diseases,  such  as  typhoid 
fever,  scarlatina,  hereditary  syphilis,  etc. 

My  own  material  comprises  40  cases  from  1912-1916  and  23  cases  from 
1917  onwards,  all  of  which  have  occurred  amongst  children  treated  in  the 
children's  section  of  the  State  Hospital. 

Of  the  40  cases  in  1912-1916  five  showed  xerosis  alone;  in  the  other  35  cases 
the  cornea  was  attacked,  28  cases  showing  keratomalacia  of  both  eyes  and 
seven  cases  of  one  eye  only.  In  many  cases  the  necrosis  of  both  corneae  was 
complete.  There  was  ulceration  of  the  cornea  in  nearly  all,  several  showing 
prolapse  of  the  iris,  and  a  few,  extrusion  of  the  lens.  My  material  thus  com- 
prises mainly  severe  and  serious  cases  of  this  disease. 

The  actual  effect  on  the  eye  will  not  be  discussed  in  further  detail.  There 
is  only  one  point  which  I  should  like  to  draw  attention  to,  because  my  cases 
exhibit  certain  aspects,  which  do  not  entirely  agree  with  earlier  observations. 
Only  in  three  cases  of  xerosis  and  three  cases  of  keratomalacia  were  the 
lesions  slight.  The  eye  condition  in  these  cases  was  of  minor  importance 
compared  with  the  other  symptoms.  Those  associated  with  the  children  had 
hardly  noticed  that  the  eyes  were  abnormal.  Only  on  examination  at  hospital 
were  the  eyes  found  to  be  affected  and  the  disease  must  therefore  have  taken 
a  very  acute  course.  These  cases  are  almost  identical  with  those  described 
by  other  authors.  They  all  occurred  in  miserably  emaciated  children,  only 
a  few  months  old.  In  none  of  the  cases  did  the  keratomalacia  reach  its  climax 
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with  oxtonsive  ulcerations  and  gangrene.  The  children  died  from  marasmus 
and  its  complications  before  this  stage  was  reached. 

Ill  all  the  other  cases  examined  by  me  there  were  marked  lesions  of  the 
eyes,  contra rv  to  what  had  been  observed  Ix'forc  In  many  cases  the  damage 
was  extraordinarily  extensive,  and  it  was  generally  the  irritation  of  the  eyes 
that  had  induced  the  parents  to  seek  medical  advice.  Lachrymation  and 
])hotophol)ia  were  generally  given  as  the  first  symptoms,  but  injection, 
ulceration  and  abundant  discharge  from  the  eye  were  also  observed.  In 
addition  there  was  also  spasm  of  the  eyelids.  Most  cases  thus  showed  both 
xerophthalmia  and  conjunctivitis.  The  course  of  the  eye  complaint  could  be 
followed  by  comparing  the  various  patients,  or  the  two  eyes  of  one  and  the 
same  patient;  as  the  disease  could  often  be  found  in  diflerent  stages  in  the 
two  eyes. 

The  first  change  obviously  had  been  xerosis  of  the  conjunctiva.  The 
children  felt  that  something  was  wrong  and  perhaps  they  could  not  see  so 
well  as  before.  The}^  would  therefore  begin  rubbing  their  eyes  and  the  parents 
have  often  noticed  this.  This  rubbing  caused  conjunctivitis,  and  its  accom- 
panying photophobia  and  discharge  from  the  eyes.  Gradually  the  discharge 
grew  worse  and  this  generally  led  the  parents  to  seek  medical  advice. 

In  many  cases  the  conjunctivitis  appeared  in  addition  to  general  catarrhal 
infection.  The  first  sign  that  the  child  was  unwell  was  a  cold  but  the  eyes 
continued  to  discharge  after  the  cold  had  disappeared,  and  the  condition 
grew  worse. 

In  an  isolated  case  the  eye  complaint  appeared  simultaneously  with 
measles,  and  the  doctor  paid  little  attention  to  it.  Only  when  the  measles 
had  disappeared  and  the  eye  trouble  steadily  grew  worse  did  it  become  clear 
that  it  was  due  to  something  else.  In  the  meantime,  however,  both  corneae 
had  been  completely  destroyed  by  necrosis. 

In  all  these  cases  the  eye  lesion  was  only  part  of  the  disease.  The  constitu- 
tion of  the  patients  had  been  undermined,  as  was  visible  from  the  abnormal 
appearance  of  the  children.  The  change  was  noticeable  in  various  ways,  from 
which  three  distinct  types  stand  out,  with  practically  every  intermediate 
form.  Two  of  these  types  are  identical  with  the  complaints  described  by 
Czerny  and  his  co-workers  under  the  name  of  "Mehlnahrschaden."  I  term 
these  two  types:  carbohydrate  atrophy  and  carbohydrate  dystrophy  re- 
spectively. Pronounced  cases  of  the  third  type  were  markedly  different  from 
the  two  others,  as  no  atrophy,  oedema  or  hypertonicity  of  the  muscles  were 
found,  which  are  particularly  characteristic  of  Types  1  (PI.  II,  fig.  1)  and  2 
(PI.  II,  fig.  2).  Furthermore,  these  children  had  not  had  an  excess  of  carbo- 
hydrate as  had  been  the  case  with  the  others. 


286  XeropJithalniia  and  Di/stroplnj 

Type  III.   Xerophthalmia  and  Di/strophia  alipogenetica. 

This  third  group  showed  the  least  pronounced  characteristics  (PI.  II,  fig.  3). 
At  first  sight  the  chiklren  seemed  almost  normal  apart  from  the  eye  complaint, 
and  one  doubted  whether  any  constitutional  derangement  existed.  On  closer 
examination,  however,  the  children  bore  marked  signs  of  a  general  breakdown 
in  health.  They  were  all  very  backward  in  their  development  and  they  were 
weak  and  thin,  and  markedly  anaemic.  When  left  to  themselves  they  were 
apathetic  and  took  no  interest  in  their  food.  The  older  ones  were  hypersensi- 
tive to  external  impressions.  They  were  as  susceptible  to  secondary  infections 
as  the  children  showing  marked  dystrophy  and  atrophy. 

The  clinical  information  available  clearly  showed  that  these  children  had 
long  been  on  an  unsuitable  and  insufficient  diet  consisting  of  centrifuged 
milk,  milk  puddings  made  with  this  separated  milk,  and  some  of  their  parent's 
low  diet,  such  as  potatoes,  bread,  etc.  The  cause  of  the  disease  and  particularly 
of  the  eye  complaint  was  evidently  not  due  to  an  excess  or  deficit  of  carbo- 
hydrate nor  could  it  have  been  caused  by  the  absence  of  protein,  salts,  or 
water-soluble  vitamines  as  all  of  these  substances  were  present  in  sufficient 
quantities  in  the  children's  food. 

When  I  published  my  first  paper  it  was  unknown  in  this  country  that 
the  American  physiologists  had  obtained  evidence  of  the  presence  of  certain 
specific  bodies  in  various  fats. 

None  of  my  cases  had  received  fresh  milk  for  any  length  of  time.  They 
were  all  cured  by  cod  liver  oil  and  improved  by  fresh  milk.  I  therefore 
attributed  the  disease  to  the  absence  of  some  sort  of  fat.  This  assumption 
was  supported  by  observations  made  by  Mori  in  Japan  on  a  disease  called 
hikan;  which  in  many  respects  resembled  my  third  type.  The  Japanese  disease 
was  considered  to  be  due  to  the  absence  of  fat  in  the  food.  My  observations, 
however,  have  made  it  clear  that  the  disease  was  not  due  to  the  absence  of 
fat  as  such,  but  probably  to  the  absence  of  certain  bodies  normally  present 
in  butter  fat  and  in  large  quantities  in  cod  liver  oil.  I  therefore  proclaimed 
that  the  disease  was  most  probably  due  to  "the  absence  of  specific  lipoid 
bodies  or  their  constituents"  by  which  I  meant  to  include  all  the  possibilities. 
Since  I  considered  that  the  stunted  growth  and  general  ill  health  as  well  as 
xerophthalmia  were  caused  by  lack  of  these  substances,  I  called  the  disease 
Dystrophia  alipogenetica  to  distinguish  it  from  carbohydrate  atrophy  and 
I  applied  the  same  designation  to  xerophthalmia. 

Since  that  time  I  have  become  acquainted  w^ith  the  experiments  carried 
out  on  grow^th  of  young  rats  by  McCollum  and  his  co-workers  and  Osborne 
and  Mendel. 

From  experiments  carried  out  by  McCollum  and  his  collaborators,  it 
appears  that  a  fat  free  diet  inhibits  the  growth  of  young  rats  and  some  time 
later  their  eyes  become  diseased.  If  this  diet  is  continued  the  animals  die. 
Later  experiments  have  shown  that  these  abnormalities  were  not  due  to  the 
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absence  of  lals  l)iil  to  lack  of  a  {'criain  specific  substance  called  "Fat 
soluble  A,"  which  is  ])resent  in  certain  fats  only.  So  far  the  substance  has 
been  found  in  milk  and  butter  fat,  Ofrg  yolk  fat,  and  in  the  ether  extract  of 
kidneys  and  testes.  \\\  Ix'cf  fat  and  in  cod  lisci'  oil.  As  n^^ards  vegetable  fats 
it  has  been  found  in  small  (juantity  in  the  wheat  germ  and  in  the  ether  extract 
of  nuuze,  but  not  in  olive  oil,  cotton  seed  oil  or  almond  oil.  Pork  fat  or  suet, 
in  the  condition  in  which  these  substances  are  sold  in  the  markets,  contained 
(juantities  ina])])reciable  by  their  experiments. 

The  actual  nature  of  the  body  is  unknown.  It  has  been  found  to  be  com- 
paratively resistant  and  is  not  destroyed  by  boiling  for  a  short  time  although 
it  does  not  stand  prolonged  boiling  or  being  heated  to  liigher  temperatures. 
It  is  also  ])robable  that  it  is  rendered  inactive  by  the  various  methods  of 
])urification  and  preservation  resorted  to,  and  this  is  possibly  the  reason 
why  it  has  not  been  found  in  many  of  the  fats  sold  in  the  shops. 

Young  rats  fed  on  a  diet  containing  fats  of  this  latter  type  sliow  the  same 
pathological  changes  as  are  caused  by  the  absence  of  fats.  The  first  case 
where  xerophthalmia  was  noticed  in  young  rats  occurred  after  a  prolonged 
diet  of  protein-free  milk,  starch,  and  pork  fat  (Osborne  and  Mendel  (1913-14)). 
The  eye  trouble  is  described  as  inflamed  eyes  gradually  becoming  purulent. 
When  taken  in  time  it  was  possible  to  cure  the  animals  by  feeding  with  butter 
fat  or  cod  liver  oil.  Osborne  and  Mendel  thus  mention  that  a  small  quantity 
of  cod  liver  oil  given  in  lieu  of  pork  fat  is  sufficient  to  restore  the  weight  and 
cure  the  disease.  The  eyes  rapidly  become  normal. 

Thus  it  will  be  seen  how  close  is  the  agreement  betw^een  the  experiments 
on  animals  and  my  previously  published  clinical  observations.  A  prolonged 
unvaried  diet,  containing  either  no  fats  or  no  specific  lipoid  bodies  (as  far  as 
children  are  concerned,  lack  of  fresh  milk),  causes  both  children  and  rats  to 
fall  sick.  In  both  cases  the  disease  manifests  itself  first  and  foremost  as  a 
constitutional  disturbance  expressing  itself  as  inhibited  growth  and  loss  of 
w^eight,  a  condition  which  I  have  termed  dystrophy.  In  a  number  of  cases 
eye  trouble  develops ;  at  first  the  eyes  are  inflamed  and  later  become  purulent 
and  necrotic.  If  the  diet  is  persisted  in,  both  children  and  animals  die.  In 
both  cases  the  dystrophy  and  the  eye  lesions  can  be  cured  by  administration 
of  cod  liver  oil  and  butter  fat. 

During  the  year  1917  I  again  observed  and  treated  numerous  cases  of 
these  diseases.  My  new  material  has  brought  certain  points  to  light  and  has 
confirmed  and  extended  my  already  published  contributions.  Keeping  in 
mind  the  results  of  the  experiments  on  animals,  it  has  been  comparatively 
easy  to  deal  with  this  additional  material  as  knowledge  has  now  been  acquired 
concerning  points  which  were  previously  difficult  to  interpret. 

My  cases  of  xerophthalmia  in  1917  were  23  in  number  and  exhibited  a 
somewhat  altered  character,  there  being  not  only  the  extremely  serious  cases 
of   keratomalacia,   which   predominated   in   earlier  years,   but   also   a   large 
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number  of  inikler  cases.  Of  the  23  children,  1 1  had  eye  trouble  for  a  few  weeks 
before  the  real  nature  of  the  disease  was  discovered;  these  cases  occurred 
amongst  somewhat  older  children.  As  far  as  the  eyes  were  concerned  xerosis 
was  the  only  lesion.  Amongst  my  previous  material  there  were  no  such  cases. 

Eight  of  the  milder  cases  came  from  a  Home  for  children  in  Copenhagen 
in  the  administration  of  which  I  take  part.  Six  of  these  had  been  in  the  Home 
for  more  than  a  year  and  had  developed  well  before  the  present  illness  so 
that  they  may  be  considered  as  originally  healthy  children.  As  the  con- 
ditions giving  rise  to  the  disease  are  fairly  well  known  in  these  instances, 
they  may  be  considered  as  straightforward  and  simple  as  the  animal  experi- 
ments. 

In  this  Children's  Home  there  were  86  children  separated  into  two  sections, 
each  with  its  own  building.  Section  A  comprised  the  infants  and  as  far  as 
possible,  the  delicate  and  sick  children.  The  healthy  children  or  those  more 
than  a  year  old  were  in  Section  B.  Both  sections  were  again  divided  into  two 
subsections  completely  isolated  from  one  another.  Section  B  contained 
32  children,  16  in  each  subsection,  B  I  and  B  II.  The  eight  cases  of  xero- 
phthalmia occurred  in  the  same  subsection,  B  I,  so  that  half  the  children  in 
this  subsection  of  the  hospital  were  attacked.  They  fell  ill  almost  simul- 
taneously during  May  and  the  beginning  of  June.  In  none  of  the  other  sub- 
sections was  the  disease  observed  and  no  further  cases  have  appeared  in 
subsection  B  I. 

There  was  no  initial  difference  between  the  children  of  the  two  subsections, 
B  I  and  B  II ;  their  ages  and  conditions  of  health  were  very  much  alike.  The 
hygienic  conditions  were  identical  and  everywhere  excellent.  The  diet,  how- 
ever, was  ditterent  inasmuch  as  the  infants  and  the  delicate  children  of 
Section  A  had  chiefly  whole  milk,  and  puddings  made  of  it.  The  older  children 
in  Section  B  had  received  a  more  varied  diet;  oatmeal  gruel  with  moks  or 
"ollebrod"  (beer-and-bread  soup)  with  a  little  fresh  milk  for  breakfast.  The 
midday  meal  consisted  of  milk  pudding,  sometimes  made  with  buttermilk, 
oatmeal  gruel,  soups  made  with  fruit  juice  and  sometimes  meat  broth  wath 
pearl  barley.  As  second  course  they  had  boiled  fish,  minced  meat  and  a  good 
helping  of  mashed  potatoes.  In  the  afternoon  the  children  had  cocoa  with 
bread  and  margarine  and  in  the  evening  milk  pudding  and  bread  and  mar- 
garine. The  margarine  was  made  from  vegetable  fats  and  all  the  food  was 
prepared  with  this  vegetable  margarine.  The  children  were  never  given  butter 
or  eggs  nor  was  cream  or  fresh  milk  ever  used  in  the  preparation  of  their  food. 
The  milk  used  consisted  of  half-skimmed  milk.  The  only  whole  milk  the 
children  had  was  the  small  quantity  given  in  the  morning  with  the  bread- 
and-beer  soup. 

The  breakfast  was  somewhat  different  in  the  two  B  subsections.  The 
matron  of  B  II  had  given  the  children  under  her  care  beer-and-bread  soup 
with  whole  milk,  while  the  children  of  B  I,  where  the  xerophthalmia  appeared, 
had  had  oatmeal  gruel  and  rusks,  so  that  these  latter  children  had  not  had 
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wholo  milk  forscvcMal  iiioiiths.  Tlu;  clioico  between  these  diets  was  left  to  the 
niiit  rolls"  (lisciclion,  the  rule  being  that  chihlien  with  a  tendency  to  diarrhoea 
must  uot  have  bread-and-beer  soup. 

All  tli(>  children  were  weighed  regularly,  the  infants  (Section  A)  once  a 
week,  the  older  children  (Section  B)  every  fortnight.  The  weigliing  always 
took  place  at  the  same  time  of  the  day,  just  before  their  last  meal.  As  the 
weighing  was  done  in  the  afternoon  the  results  are  not  fjuite  n^liabh;.  Tlie 
amount  of  food  the  children  had  consumed,  their  activity  and  the  quantity 
of  sweat  lost  during  the  day  must  have  affected  the  result.  Another  dis- 
turbing factor  is  that  the  weighing  was  rather  infrequent.  On  the  other  hand 
it  was  always  controlled  by  the  same  trained  nurse  and  done  at  the  same  time 
and  with  the  same  scales.  Care  was  also  taken  that  as  far  as  possible  the 
children  had  emptied  the  bladder  and  rectum,  so  that  the  results  undoubtedly 
gave  a  rough  idea  of  the  growth  of  the  children. 

The  results  obtained  indicate  that  most  of  the  children  of  Section  A,  who 
got  whole  milk,  developed  normally  during  the  winter  191G-17  and  the  spring 
of  1917.  Amongst  the  32  children  of  Section  B  there  were  quite  a  number  who 
only  slowly  put  on  weight  during  the  winter;  15  kept  their  weight  unchanged 
during  winter  and  spring,  while  some  of  them  even  lost  in  weight,  particularly 
during  April  and  May.  Of  the  15  children  five  belonged  to  subsection  B  II 
and  ten  to  B  I.  The  eight  cases  of  xerophthalmia  occurred  amongst  the  latter 
ten.  The  ages  of  these  children  varied  from  IJ  to  4  years.  The  cases  are  illus- 
trated by  the  curves  on  p.  290. 

The  xerosis  was  very  marked  in  all  eight  cases  and  had  generally  been 
present  for  some  time  probably  for  a  couple  of  weeks  before  it  was  recognised. 
The  first  symptom  was  photophobia,  the  eyes  became  red  and  in  some  cases 
there  was  a  slight  sticky  secretion.  At  first  it  was  taken  for  a  mild  conjuncti- 
vitis, and  treated  with  zinc  drops.  As  this  did  no  good  and  the  eyes  became 
worse,  a  more  careful  examination  was  made  which  made  it  clear  that  the 
children  w^ere  suffering  from  xerosis.  In  some  of  the  cases  the  xerosis  was 
quite  recent  without  general  injection  of  the  conjunctivae  and  in  only  two 
cases  was  there  slight  dryness  of  the  corneae. 

Apart  from  two  cases  one  would  undoubtedly,  after  a  superficial  examina- 
tion, have  considered  these  children  quite  normal.  A  more  careful  investiga- 
tion, however,  would  have  shown  that  they  had  been  rather  weak  for  some 
time  and  had  lost  their  appetite.  Their  curves  showed  that  six  cases  had 
remained  constant  in  weight  during  the  whole  of  the  winter  and  that  four 
cases  had  lost  weight  considerably  during  April  and  May.  some  time  before 
the  eye  complaint  was  discovered  (see  Charts  1,  2  and  3). 

Malling-Hansen's  well-known  investigations  on  the  weight  of  children  at 
the  Deaf  and  Dumb  Institute  have  shown  that  normal  children  during  the 
ages  of  9-15  years  generally  remain  constant  in  weight  or  decrease  slightly 
during  the  months  of  April,  May  and  June.  The  loss  of  weight  found  in  my 
cases  during  the  spring  has  probably,  to  some  extent,  the  same  cause  as  that 
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noticed  by  Malling-JIaiisen.    It  is  quite  a  common  phenomenon  that  the 
change  from  indoor  life  to  a  life  in  the  open  air  for  most  of  the  day  is  accom- 
panied by  a  loss  in  weight  which  is  soon  compensated  during  the  summer. 
However,   the  loss  of  weight  in  my  series  of  cases  was  greater  than 
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Chart  1.  Weight  record  of  Allis,  born  2.  vi.  1915.  Admitted  24.  v.  1917.  Has  been  very  ill 
with  measles  during  the  summer  1916.  Since  then  she  has  developed  fairly  well  but  has  lately 
again  lost  weight. 

On  23.  V.  1917.  Xerosis  conjunctivae  of  both  eyes  beginning.  Cod  liver  oil— xerosis  disappears 
and  the  child  increases  in  weight. 
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Chart  2.  Weight  record  of  Sigurd,  born  19,  x.  1915.  Admitted  13.  xii.  1915.  Developed  fairly 
well  up  to  the  winter  191G.    Since  then  no  increase  but  frequent  attacks  of  catarrh. 

On  23.  V.  1917.  Slight  xerosis  of  conjunctivae  of  both  eye?.  Cod  liver  oil — xerosis  disappears 
and  the  child  increa-^es  in  weight. 
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Chart  3.  W^eight  record  of  Hulda,  born  13.  ii.  1913.  Admitted  1.  ix.  1913.  She  developed 
normally  up  to  the  winter  1910.    Since  then  her  weight  has  remained  stationary. 

On  23.  V.  1917.  For  about  a  week  she  has  been  suffering  from  photophobia,  has  had  purulent 
eves  and  been  treated  for  this  with  solutions  of  zinc.  At  present  marked  xerosis  of  conjunctivae 
of  both  eyes.    Cod  liver  oil — xerosis  disappears  and  the  child  increases  in  weight. 
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ordinarily  takes  place,  it  wjih  also  al)n()nnal  that  the  cliildren's  weight  should 
have  icinaiiird  constant  during  the  wlmlc  of  I  lie  winlci-  and  spring  wlien  they 
were  kept  on  a  good  diet  and  allowed  to  eat  as  nnicli  as  tlie\'  wanted.  Tlici 
loss  or  constaney  in  weight  can  only  be  explained  as  an  inhif)ition  of  growtli. 

In  sj)ite  of  the  loss  of  weight  and  the  xerosis,  it  was  decided  to  keep  the 
children  on  exactly  the  same  diet  as  before.  Only  the  two  childn^n  whose 
eyes  were  in  the  worst  condition,  were  kept  in  bed  for  a  few  days.  The  otliers 
remained  up  and  out  of  doors  as  before.  The  only  treat jn(;nt  eni})loyed,  in 
fact  the  oidy  change  in  their  mode  of  life,  consisted  in  giving  10  gnis.  of 
cod  li\-er  oil  twice  a  day.  The  children  liked  the  oil  and  the  effect  was  even 
more  maiked  tlian  in  any  of  my  earlier  cases  where  the  disease  had  progress(;d 
much  further.  In  the  course  of  a  few  days  the  xerosis  became  less  and  dis- 
a])])eared  completely  in  a  week.  At  the  same  time  the  children  became  livelier 
and  those  of  them  who  had  remained  constant  in  weight  for  some  time,  began 
growing  again.  The  curves  clearly  show  the  effect  of  the  daily  dose  of  20  gms. 
of  cod  liver  oil.  In  July  the  whole  diet  of  the  children  was  changed ;  but  up 
to  that  time  in  spite  of  the  same  food  as  before,  no  more  cases  of  xerophthalmia 
occurred. 

It  will  be  seen  that  the  children  behave  much  as  the  animals  in  the 
experiments  of  the  American  physiologists.  They  first  stop  growing  and  then 
lose  weight.  This  is  the  initial  stage  which  I  have  termed  dystrophy.  Then 
comes  the  eye  trouble.  The  latter  is  therefore  only  a  sign  of  a  general  patho- 
logical condition. 

The  reason  for  this  is  clear.  The  children  who  had  plenty  of  fresh  milk 
developed  normally  but  amongst  those  who  had  only  a  trifling  amount  were 
several  who  did  not  thrive  at  all  and  some  who  lost  weight,  and  many  of  them 
got  bad  eyes.  Instead  of  whole  milk  these  children  had  had  "half-skimmed 
milk,"  i.e.  centrifuged  milk  with  the  addition  of  enough  of  whole  milk  to 
make  the  fat  content  of  the  mixture  0-75  per  cent.  Both  the  whole  milk  and 
the  "half-skimmed"  milk  had  been  pasteurised  at  the  dairy  and  in  addition 
both  were  boiled  at  the  hospital  before  being  given  to  the  children. 

As  far  as  our  knowledge  went  at  that  time  the  food  given  to  the  children 
in  the  Home  was  good  and  nutritious.  The  diet  was  sufficiently  varied  and 
contained  plenty  of  protein,  fat,  carbohydrate  and  salt.  It  must  also  have 
been  rich  in  water-soluble  vitamines,  on  account  of  the  liberal  supply  of 
potatoes  and  fruit  juices.  We  now  know  that  a  mistake  was  made  in  not 
supplying  the  proper  fats,  i.e.  fats  in  which  the  specific  bodies  are  contained. 
As  soon  as  these  substances  were  sup])lied  in  the  form  of  cod  liver  oil,  the 
diet  became  a  suitable  one  and  the  children  thrived  and  the  eye  trouble  dis- 
appeared. Our  experience  thus  shows  that  vegetable  margarine  is  unable  to 
replace  butter,  and  that  it  is  important  the  children  should  be  given  whole 
milk. 

Since  July,  1917,  the  skimmed  milk  has  been  ])artly  re])laced  by  whole 
milk  in  the  Children's  Home.  The  children  are  now  thriving  better  and  that 
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their  condition  of  health  has  improved.    No  further  cases  of  xerophthalmia 
have  occurred. 

Of  nine  similar  cases  from  the  State  Hospital,  of  ages  varying  from 
9  months  to  10  years,  all  showed  xerosis  conjunctivae.  In  four  of  the  cases 
the  cornea  had  not  yet  been  attacked  and  with  respect  to  the  eye  the  disease 
was  in  its  initial  stage.  The  children  had  only  recently  had  bad  eyes,  red  and 
discharging,  and  developed  photophobia.  In  three  of  these  four  cases  night 
blindness  could  be  demonstrated,  a  symptom  which  appears  very  early  in 
the  disease  but  was  not  noticed  in  any  of  my  earlier  cases,  either  because  the 
children  were  too  small,  or  because  the  lesion  of  the  cornea  was  so  extensive 
as  to  mask  it.  These  cases  and  those  from  the  Children's  Home  described 
above  show  that  xerosis  of  the  conjunctiva  may  exist  for  a  long  time  without 
spreading  to  the  cornea.  In  this  early  stage  the  complaint  resembles  an 
ordinary  conjunctivitis,  the  eyes  often  being  red,  discharging  and  showing 
photophobia.  Much  conjunctivitis,  however,  appears  later  and  generally  in 
children  which  are  suffering  from  catarrh. 

In  the  remaining  five  cases  the  cornea  was  attacked,  in  three  cases  with 
keratomalacia  of  one  eye,  two  of  which  displayed  complete  necrosis  of  the 
cornea ;  in  two  cases  with  keratomalacia  of  both  eyes.  The  children  were  very 
backward,  weighed  less  and  were  much  smaller  than  normal  children.  They 
were  weak  and  anaemic  and  many  of  them  seemed  to  behave  in  a  peculiar 
manner  to  infections,  particularly  catarrhal  infections  of  the  mucous  mem- 
branes and  infections  of  the  urinary  tract.  Six  of  the  nine  children  had 
catarrhal  infections,  two  of  them,  broncho-pneumonia,  and  three,  pyuria. 
I  intend  to  return  to  this  point  later.  Not  only  were  the  children  weak  in 
body  but  their  minds  were  also  affected.  In  the  early  cases  the  children  were 
quieter  than  usual  and  had  lost  their  appetite.  In  the  more  advanced  cases 
they  were  extremely  sensitive  to  external  stimuli.  This  may  have  been  partly 
due  to  the  eye  complaint  but,  no  doubt,  was  mainly  caused  by  the  malnutri- 
tion. In  my  previous  articles  I  have  termed  this  condition  psychic  hyper- 
aesthesia.  This  extreme  sensitiveness  has  nothing  to  do  with  the  nervous 
symptoms  met  with  in  convulsions  nor  with  the  "  hypermotility "  described 
by  Czerny  as  characteristic  of  incipient  "Mehlniihrschaden."  I  have  found 
neither  of  these  symptoms  occurring  in  this  kind  of  dystrophy  (alipogenetica) 
or  in  carbohydrate  dystrophy. 

The  above  cases  illustrate  the  condition  described  in  my  earlier  paper  as 
the  third  type  of  xerophthalmia.  The  first  sign  seems  to  be  merely  an  inhibition 
of  growth  passing  into  dystrophy,  of  a  type  found  amongst  children  who  have 
been  fed  chiefly  on  separated  milk  for  some  time.  Amongst  these  cases  were 
three  which  had  had  whole  milk  for  a  long  time  and  one  had  even  been  given 
cream,  yet  they  all  had  xerophthalmia  and  the  three  had  marked  dystrophy 
just  like  the  children  fed  mainly  on  centrifuged  milk.  These  cases  do  not 
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agree  altogether  with  iii\'  pi-eNious  experienee.  The  explanation  must  evidently 
be  sought  in  the  animal  experiments  of  the  American  physiologist  who  found 
that  the  sp(>cilic  hodies  dissolved  in  milk'  fat  are  (easily  destroyed.  In  the 
three  cases  undei-  consideration  the  wliole  milk  was  first  mixed  either  with 
centrifuged  milk  or  with  water  or  oatmeal  gruel  and  then  boiled  for  a  con- 
siderable time.  The  cream  given  in  one  case  was  the  so-called  "exf)ort  cream," 
specially  prepared  and  sterilised  in  order  to  preserve  it.  These  cases  were 
cured  in  exactly  the  same  way  as  all  the  others  by  administering  the  specific 
bodies  in  the  form  of  cod  liver  oil  and  whole  milk. 

All  the  above  cases  lead  to  the  conclusion  that  xeroplithalmia,  inliibition 
of  growth  jind  dystrophy,  are  due  not  to  the  absence  of  water-soluble  vita- 
mines  or  of  fats  but  to  the  absence  of  the  specific  bodies  present  in  certain  fats. 

Type  11.   Xerophthalmia  with  Carbohydrate  dystrophy. 

Among  the  23  cases  of  xerophthalmia  treated  in  1917  were  six  cases 
displaying  the  same  clinical  picture  as  those  described  by  Czerny-Keller 
under  the  name  of  "Mehlnahrschaden."  Nearly  all  of  them  belong  to  the 
form,  which,  in  an  earlier  paper,  I  described  under  the  name  of  carbohydrate 
dystrophy.  The  diet  of  these  children  had  for  a  long  time  been  very  uniform 
and  consisted  mainly  of  carbohydrates.  All  the  children  were  infants,  only 
one  was  more  than  12  months  old.  Three  of  them  were  less  than  six  months. 
All  the  children  were  backward  in  development.  They  had  lost  their  appetites, 
and  were  fretful  and  sensitive  to  outside  impressions  when  they  had  not  been 
rendered  apathetic  by  the  ravages  of  the  disease.  They  were  nearly  always 
anaemic  and  most  of  them  frequently  suffered  from  catarrh.  Two  had  broncho- 
pneumonia and  four  had  pyuria.  The  eye  complaint  was  far  advanced  in  all 
the  cases.  The  corneae  were  always  attacked,  in  one  case  with  complete 
necrosis  of  one  cornea  and  in  another  (which  died)  with  complete  necrosis 
of  both  corneae. 

All  these  cases  showed  the  symptoms  characteristic  of  carbohydrate 
disease.  This  was  not  so  with  the  cases  previously  described.  The  tissues 
were  oedematous  and  the  children  had  the  appearance  of  being  blown  out. 
There  was  also  muscular  rigidity  which  was  so  pronounced  in  three  of  the 
cases  as  to  constitute  the  characteristic  muscular  hypertonicity  (see  PI.  11. 
figs.  1  and  2).  The  usual  treatment  with  cod  liver  oil  and  with  whole  milk  or 
human  milk  caused  all  symptoms  to  disappear. 

The  question  now  is,  what  is  the  aetiology  of  the  oedema  and  hypertonicity 
of  the  muscles?  These  symptoms  cannot  be  ascribed  to  the  absence  of  the 
specific  lipoid  bodies  as  they  did  not  occur  in  the  other  cases  where  the  disease 
was  due  to  this  cause.  It  might  perhaps  be  suspected  that  the  oedema  was 
caused  by  the  inability  of  the  patients  to  excrete  the  necessary  quantities  of 
salts.  This  assumption,  however,  is  incorrect,  as  all  the  patients  were  able  to 
excrete  salts  to  the  normal  extent.  It  is  more  reasonable  to  associate  the 
oedema  and  the  hypertonicity  with  the  excessive  supply  of  carbohydrates 
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and  the  siniultaueous  almost  complete  absence  of  fats,  the  points  in  which 
these  cases  differ  markedly  from  the  others.  It  must  not  be  forgotten,  how- 
ever, that  the  oedema  and  hypertonicity  may  be  due  to  the  absence  of  quite 
different  vitamines  or  of  other  specific  bodies.  In  that  case  the  whole  clinical 
picture  included  in  "Mehlniihrschaden"  would  come  under  Casimir  Funk's 
so-called  "  Avitaminoses "  if  the  particular  lipoid  bodies  were  classed  as 
vitamines. 

The  case  quoted  below  may  possibly  throw  some  light  on  this  question. 

Ernst,  4  years  old.  Son  of  a  bricklayer.  Admitted  to  hospital  14.  ii.  1914; 
discharged  29.  iv.  1914. 

During  the  last  two  years  the  patient's  evacuations  have  had  a  tendency 
to  be  frequent,  thin  and  slimy.  He  has  repeatedly  been  on  constipating  diet 
for  a  considerable  period  but  without  appreciable  effect.  There  has  never 
been  blood  in  the  evacuations  and  the  patient  has  never  suffered  from  con- 
stipation. He  has  always  been  very  keen  on  eating  potatoes  and  has  also 
had  an  inclination  to  eat  gravel,  soil  and  paper.  The  mother  thinks  he  has 
a  longing  for  these  things,  he  has  been  known  for  example  to  peel  the  plaster 
off  the  walls  and  eat  it. 

During  the  last  six  weeks  his  condition  has  become  worse.  He  has  had  as 
many  as  10-20  thin,  slimy  and  greenish  evacuations  daily.  Both  faeces  and 
urine  are  often  passed  involuntarily.  In  the  last  few  days  oedema  of  the 
eyelids  and  legs  has  appeared.  All  this  time  he  has  been  kept  in  bed  on  a  diet 
consisting  of  oatmeal  gruel,  bread  and  mashed  potatoes.  He  has  eaten  a 
great  deal  and  during  most  of  his  illness  has  been  on  a  milk-free  diet. 

On  admission  he  was  very  wasted.  There  was  cyanosis  of  the  hands,  and 
the  mucous  membranes  were  pale.  There  was  extensive  general  oedema  of 
the  subcutaneous  tissue  especially  of  the  face.  The  eyelids  were  so  oedematous 
that  the  eyes  were  almost  closed.  There  was  also  considerable  oedema  of  the 
extremities  and  loins.  There  was  a  considerable  amount  of  ascites.  The  urine 
was  normal. 

The  patient  was  treated  with  tea,  oatmeal  gruel,  boiled  milk,  acorn  cocoa, 
and  milk  pudding.  The  motions,  which  previously  were  slimy,  thin  and  green, 
and  had  a  sour  odour,  improved  and  the  bowels  acted  normally  a  fortnight 
after  entering  hospital.  Simultaneously  the  oedema  disappeared  giving  rise 
to  a  loss  of  about  1  kg.  in  weight.  After  this  the  patient  speedily  recovered 
and  he  put  on  2-5  kg.  in  weight. 

In  this  case  the  oedema  had  appeared  after  prolonged  feeding  with  carbo- 
hydrates and  potatoes.  Perhaps  this  combination  of  foodstuffs  accounted 
for  the  unusually  marked  and  widespread  character  of  the  oedema.  I  have 
never  before  seen  it  so  extensive  after  a  carbohydrate  diet.  The  child  must 
have  been  supplied  with  large  quantities  of  water-soluble  vitamines  in  the 
potatoes  so  that  the  oedema  cannot  be  ascribed  to  the  absence  of  these  bodies. 
Since  a  lack  of  the  specific  lipoid  bodies  is  not  known  to  cause  oedema  it  is 
probable  that  the  absence  of  the  fats  in  addition  to  the  liberal  supply  of 
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carholiydralcs,  inav  have  hccii  tlic  cause.  At  all  (events  it  (Ji.sai)})(iarc(i  in  this 
case  whon  the  amount  of  carhohydnite  was  reduced  and  replaced  by  fats  in 
(lie  form  of  boiled  whole  milk. 

Complaints  similar  to  the  above  have  so  far  been  little  known  in  adults. 
Durin*^'  the  war,  however,  there  have  been  epidemics  of  droj)sy,  the  so-called 
war-oedema,  occurrin*,'  in  |)laces  where  famine  was  reigning  and  in  flie  large 
prisoners'  camps  in  Germany.  As  far  as  is  known  this  disease  is  associated 
with  similar  symptoms  and  arises  in  connexion  with  the  same  conditions  of 
diet.  Concerning  the  aetiology  of  this  war-oedema  nothing  so  far  is  known 
beyond  the  fact  that  it  is  connected  with  a  deficient  diet,  but  probably  similar 
causes  to  those  in  the  case  of  children  are  operative. 

Notes  on  Treabnent, 

The  treatment  of  all  the  cases  has  been  identical  with  that  described  in 
my  earlier  papers. 

The  local  treatment  of  the  eyes  has  generally  been  confined  to  frequent 
washing  with  sterile  water,  when  there  was  marked  conjunctivitis.  In  cases 
of  xerosis,  sterile  vaseline  was  applied.  When  the  cornea  was  attacked  and 
there  was  danger  of  necrosis  or  when  ulceration  had  already  appeared,  atropin 
drops  were  used.  In  two  cases  it  was  necessary,  on  account  of  panophthalmia, 
to  remove  one  of  the  eyes. 

The  chief  aim  has  always  been  to  improve  the  children's  general  con- 
dition of  health  by  supplying  them  with  the  necessary  bodies  which  had 
been  absent  from  their  food.  As  before,  cod  liver  oil  was  found  to  be  a  specific 
cure  for  the  disease.  Its  effect  was  always  very  marked,  but  most  striking 
in  the  early  stages  of  the  complaint.  The  eyes  improved  within  a  few  days 
and  became  quite  normal  after  about  a  week's  treatment.  The  loss  of  weight 
was  simultaneously  arrested  and  the  children  generally  began  to  thrive  well 
in  a  short  time.  That  this  improvement  was  due  to  the  cod  liver  oil  alone  is 
shown  by  the  result  of  treatment  of  the  eight  cases  from  the  Children's  Home 
in  Copenhagen,  described  on  p.  288.  Amongst  my  earlier  material  there 
were  two  cases  which  showed  that  cod  liver  oil  with  ordinary  boiled  milk 
and  milk  pudding  had  a  better  and  speedier  effect  than  unboiled  whole  milk 
given  alone.  The  same  seems  to  have  been  true  of  a  case  where  the  child  had 
had  unboiled  fresh  milk  and  orange  juice  for  some  time.  Though  the  general 
condition  was  considerably  improved  by  this  treatment,  the  eye  complaint 
was  only  cured  after  the  administration  of  cod  hver  oil. 

The  15  cases  treated  at  the  State  Hospital  were  given  a  diet  corresponding 
to  the  children's  age  and  development,  designed  to  supply  them  with  as 
much  fresh  milk  as  they  could  digest.  The  milk  was  always  boiled.  Three 
children  under  G  months  old  had  human  milk  at  first.  The  boiled  milk  was  good 
fresh  milk  heated  to  boiling  point  and  then  quickly  cooled.  The  experiments 
on  animals  carried  out  in  America  have  shown  that  the  specific  bodies  will 
stand  a  short  boiling  but  that  they  are  destroyed  by  prolonged  heating.  The 
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same  apparently  is  true  for  cod  liver  oil.  The  product  used  was  always  the 
ordinary  Norwegian  "steamed  medicinal  cod  liver  oil."  This  has  only  been 
heated  to  50°  C.  It  is  possible  that  other  preparations  which  have  undergone 
a  more  drastic  treatment  will  be  found  to  have  no  specific  effect  at  all,  as  by 
such  a  handling  the  hpoid  bodies  may  have  been  rendered  inactive. 

The  result  of  the  treatment  of  the  23  cases  here  described  was  that  only 
one  died.  The  remainder  recovered.  The  child  that  died  had  total  necrosis  of 
both  corneae.  The  cause  of  death,  which  took  place  11  days  after  entering 
hospital,  was  an  attack  of  broncho-pneumonia.  Only  one  of  the  22  children 
which  recovered  became  completely  blind.  On  admission  this  child  had 
complete  necrosis  of  both  corneae.  Normal  sight  of  both  eyes  was  restored 
in  the  13  cases  which  were  taken  in  time.  Normal  sight  of  one  eye  was  re- 
stored in  five  cases  and  three  children  were  discharged  with  indifferent  sight 
of  both  eyes.  The  results  obtained  were  thus  considerably  better  than  in  the 
earlier  cases.  This  was  due  to  the  fact  that  the  disease  was  generally  recognised 
earlier.  The  treatment  has  proved  so  reliable  that  it  is  always  possible  to 
save  the  sight  provided  the  treatment  is  started  before  the  corneae  have 
become  necrotic. 

Of  the  15  children  treated  at  the  State  Hospital  during  1917  only  one 
(a  three  months'  old  child  with  carbohydrate  dystrophy)  came  from  Copen- 
hagen, the  other  children  were  from  the  country.  The  table  below  shows 
that  the  number  of  cases  from  the  country  and  their  distribution  was  very 
much  as  in  1916. 

The  children  from  the  country  nearly  all  came  from  the  poorest  and  most 
destitute  homes,  those  of  labourers,  herdsmen,  outdoor  servants  and  the 
poorest  cottagers,  and  they  nearly  all  bore  evidence  of  extreme  poverty  and 
neglect.  Almost  all  came  from  the  country  proper,  and  only  a  few  from  pro- 
vincial towns.  Most  of  them  came  from  Zealand,  but  there  were  also  cases 
from  the  other  islands  and  from  Jutland. 

The  main  reason  for  the  malnutrition  of  the  children  must  undoubtedly 
in  most  cases  be  sought  in  the  parents'  want  of  sufficient  means  of  subsistence. 
The  high  prices  forced  them  to  give  the  children  the  cheapest  possible  food. 

Table  I. 
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Total     ...     72  52  20  10  24  18 
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and  llic  cluMpcsl  is,  as  is  well  known,  lli<'  pooirst  in  fat.  One  would  have 
thought  it  would  have  been  comparatively  easy  to  get  unskimmed  milk  in 
the  country.  However,  just  tlu;  opposite  seenns  to  Ix^  the  case.  The  parents 
always  said  that  it  was  dillicult  to  get  unskinim(;d  milk  unl<\ss  one  had  a 
cow  oneself.  All  the  unskiiMine(l  milk  wont  to  the  dairi<^s.  It  was  easy, 
however,  to  gel  both  centril'ugcd  milk  and  buttermilk,  both  of  wliieh  rc;- 
nuiined  cheap,  while  the  price  of  unskimmed  milk  ke[)t  on  increasing. 

The  reason  for  the  somewhat  larger  number  of  town  cas(;s  in  1917  is 
entirely  accounted  for  by  the  eight  children  from  the  Copenhagen  Children's 
Home.  It  is  significant  that  these  cases  occurred  because  the  children  in  this 
Home  during  1917  had  been  on  a  diet  similar  to  that  supplied  in  the  poorest 
cottagers'  homes,  namely  pasteurised  skimmed,  instead  of  whole,  milk. 

There  are  two  other  conditions  besides  diet  which  are  of  considerable 
importance  for  the  development  of  xerophthalmia.  These  two  factors  are: 
the  relation  of  xerophthalmia  to  the  time  of  year  and  the  effect  of  other  infections 
on  the  appearance  and  course  of  the  disease. 

With  regard  to  the  influence  of  the  seasons  the  accompanying  Chart  4 
shows  that  most  of  the  cases  appeared  during  the  three  months,  March, 
April  and  May.  The  largest  number  occurred  in  May.  Of  the  23  cases  during 
1917,  18  occurred  in  this  three-month  period. 

Of  the  1917  cases  there  were  eight  in  which,  in  addition  to  the  eye  com- 
plaint, the  only  abnormality  w^as  inhibition  of  growth.  If  there  had  been  no 
opportunity  of  foUow^ing  these  cases  from  the  Children's  Home  over  an 
extended  period,  so  that  the  loss  of  weight  and  inhibition  of  growth  could  be 
observed,  little  beyond  the  eye  trouble  would  have  been  discovered.  In  these 
uncomplicated  cases  the  eye  complaint  appeared  about  the  same  time  in 
May.  This  result  can  hardly  be  accidental ;  it  has  been  true  of  the  incidence  of 
xerophthalmia  year  after  year  (Chart  4),  and  there  must  undoubtedly  be  some 
natural  cause.  In  my  earlier  communication  I  pointed  out  that  it  could  hardly 
be  due  to  the  diet.  The  children  had  had  almost  the  same  food  both  winter  and 
spring.  I  then  put  forw^ard  the  suggestion  that  it  might  be  connected  with 
the  children's  grow^th  period. 

Malling-Hansen,  by  his  studies  at  the  Deaf  and  Dumb  Institute  in  Copen- 
hagen, has  shown  that  there  exist  quite  definite  periods  of  growth  in  children, 
and  his  results  have  been  confirmed  by  Camerer  and  Schmid-Monnard. 
From  these  investigations  it  would  appear  that  during  the  year  there  are 
three  periods  of  growth  as  measured  by  increase  in  height,  viz.  a  minimum, 
an  intermediate,  and  a  maximum  period.  The  minimum  period  starts  in 
August  and  lasts  until  the  end  of  November.  During  this  time  children  hardly 
grow  at  all.  In  the  intermediate  period  from  the  end  of  November  to  the  end 
of  March,  the  children  grow  twice  as  much  as  during  the  minimum  period. 
From  the  end  of  March  up  to  well  into  August  the  growth  amounts  to  two-and- 
a-half  times  that  of  the  minimum  period.  The  growth  period  of  children  is 
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therefore  preeminently  from  November  till  August  and  is  greatest  in  the 
months  of  spring. 

In  Chart  4  the  occurrence  of  xerophthalmia  in  relation  to  the  seasons 
is  shown  in  company  with  Malling-Hansen's  curve  of  the  three  periods  of 
growth,  and  it  will  be  seen  how  accurately  they  agree,  the  greatest  number 
of  cases  of  xerophthalmia  coinciding  with  the  maximum  period  of  growth. 
If  the  cases  of  infants  with  carbohydrate  dystrophy  are  excluded,  all  cases 
of  xerophthalmia  will  be  found  to  have  occurred  during  the  two  periods  of 
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Chart  4.    The  broken  line  gives  the  seasonal  periods  of  growth  according  to  Malling-Hansen. 
The  shaded  columns  record  the  seasonal  incidence  of  xerophthalmia  (admission  to  hospital) 
for  63  cases,  1911-1917. 

The  black  columns  give  a  similar  record  for  23  cases  from  1917  onwards. 

growth  and  none  during  the  minimum  period.  Of  the  uncomplicated  cases 
all  are  found  to  have  occurred  in  the  second  month  of  the  period  of  maximum 
growth. 

These  facts  can  be  best  explained  by  assuming  that  the  specific  lipoid 
bodies  essential  for  growth  are  being  continually  used  up  while  growth  is 
taking  place.  One  could  easily  imagine  that  the  specific  substance  took  part 
in  the  formation  of  new  tissue  or,  what  seems  more  probable,  that  the  lipoid 
bodies  were  necessary  for  the  glands  on  whose  proper  functioning  growth 
depends.  Funk  holds  this  view  with  regard  to  the  influence  of  vitamines  on 
growth. 
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As  xeroplitluilmia  is  caused  by  the  absence  of  bodies  essential  for  growth, 
it  is  cK'ar  that  the  disease  will  predoiniiialc  (lining  that  part  of  the  year  when 
the  organism  consumes  the  largest  quantities  of  lipoid  bodies,  for  its  growth, 
i.e.  during  the  nuixinnim  period  for  growth. 

As  already  pointed  out,  the  majority  of  my  cases  support  this  contention, 
])arti('uhuly  the  uncomplicated  ones.  Some  cases,  however,  a]j})eared  earlier, 
i.e.  during  the  intermediate  period  of  growth.  In  these  cases  there  must  be 
other  causes  which  are  also  operative.  This  leads  us  to  the  other  important 
aetiological  factor:  the  influence  of  other  infections  on  the  appearance  and 
course  of  xerophthalmia. 

From  a  study  of  my  cases  it  is  evident  that  whenever  xerophthalmia 
breaks  out  before  the  maximum  period  of  growth,  acute  and  chronic  infections 
have  always  been  present  for  some  time,  while  in  uncomplicated  cases 
xerophthalmia  occurs  within  the  maximum  period.  The  only  exceptions  are 
the  rare  cases  of  carbohydrate  dystrophy  in  infants,  but  here  the  conditions 
of  growth  are  probably  quite  different  (Friedenthal).  We  see  therefore  that 
only  those  cases  with  a  chronic  infection  make  their  appearance  in  advance 
of  the  usual  time.  This  indicates  that  the  infection  contributes  or  predisposes 
to  xerophthalmia. 

Xerophthalmia  may  be  cured  by  supplying  the  specific  lipoid  bodies. 
The  same  is  the  case  with  regard  to  the  inhibition  of  growth.  The  children 
begin  to  thrive  again  when  given  cod  liver  oil.  The  cases  following  in  the  wake 
of  other  infections  behave  similarly.  Clinical  experience  has  shown  that  the 
only  way  of  curing  all  these  infections  is  by  strengthening  the  children's 
general  constitution  by  supplying  the  absent  specific  bodies  in  the  form  of 
cod  liver  oil,  w^hole  milk,  eggs,  etc.  At  the  State  Hospital  no  other  treatment 
has  been  used  and  the  infections  were  nearly  always  completely  cured  when 
the  children  were  discharged. 

The  grave  prognosis  which  previously  obtained  in  cases  of  xerophthalmia 
was  linked  with  this  question  of  secondary  infections.  So  serious  indeed  was 
the  outlook  that  children,  as  was  the  case  with  young  rats,  died  if  a  change 
to  a  proper  diet  was  not  made.  The  reason  why  young  rats  died  is  not  explained 
but  in  the  case  of  children  the  infections  are  the  cause.  It  is  absolutely 
characteristic  of  these  dystrophic  children,  how  little  able  they  are  to  with- 
stand infections  and  how  quickly  they  die  of  a  serious  intercurrent  infection. 

It  will  be  seen  therefore  that  there  are  three  aetiological  factors  responsible 
for  the  origin  and  the  development  of  xerophthalmia : 

Firstly,  the  diet,  which  does  not  contain,  or  at  any  rate  is  poor  in  the 
specific  lipoid  body  or  bodies. 

Secondly,  growth;  xerophthalmia  is  found  particularly  in  children,  or 
animals  who  are  growing. 

Thirdly,  antecedent  infections  of  long  duration.  The  explanation  of  this  is 
uncertain,  since  no  animal  experiments  have  yet  been  brought  to  bear  on  the 
subject.    It  is,  however,  reasonable  to  suppose  that  the  specific  lipoid  bodies 
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are  necessary  for  formation  of  antibodies  against  infections  and  that  they  are 
continuously  used  up  in  the  process  as  in  the  case  of  growth.  Antibodies 
may  indeed  be  looked  upon  as  a  kind  of  internal  secretion.  Thus  it  will  be 
easily  understood  that  patients  suffering  from  "Mehlniihrschaden"  and  from 
the  special  form  of  dystrophy  here  elucidated,  are  extremely  susceptible  to 
all  infections  and  have  very  little  capacity  for  resistance. 

This  would  explain  why  xerophthalmia  in  earlier  days  was  discovered 
usually  in  the  final  stages  of  prolonged  disease  such  as  tuberculosis  and  typhoid 
fever.  We  also  get  an  explanation  of  the  well-known  ancient  clinical  observa- 
tion, w^hich  is  certainly  true,  that  foods  such  as  whole  milk,  cream,  egg,  and 
cod  liver  oil  are  particularly  important  for  children  when  they  are  growing 
most,  just  as  they  have  been  shown  to  be  the  best  foods  in  the  convalescent 
stages  after  infections  and  in  the  treatment  of  chronic  tuberculosis. 

SUMMARY. 

1.  There  are  fats  which  are  indispensable  for  children  because  they  contain 
specific  bodies,  essential  for  normal  growth. 

2.  If  these  lipoid  bodies,  termed  "fat  soluble  A  bodies"  by  McCollum, 
are  absent  from  the  food  for  a  long  time,  an  inhibition  of  growth  will  occur 
and  the  conditions  which  I  have  termed  Dijstroyhia  alipogenetica  will  finally 
appear.  This  condition  involves  a  great  susceptibility  and  lowered  resistance 
to  all  infections  and  often  leads  to  xerosis  of  the  conjunctivae  and  corneae 
associated  with  night  blindness.  The  xerosis  has  a  great  tendency  to  result  in 
keratomalacia.  In  its  first  stage  xerophthalmia  resembles  a  slight  con- 
junctivitis; the  children  develop  photophobia,  their  eyes  are  red  and  there 
is  a  slight  secretion. 

3.  Xerophthalmia  generally  occurs  in  spring,  the  time  when  growth  is 
at  its  maximum. 

4.  The  disease  is  most  frequent  amongst  the  children  of  the  poorest 
country  folk  and  is  always  due  to  an  unsuitable  artificial  diet,  generally  the 
replacing  of  whole  milk  partly  or  completely  by  centrifuged  milk,  butter 
milk  or  concoctions  of  flour.  It  may  appear  in  children  who  have  received 
whole  milk  and  cream,  but  in  that  case  the  milk  and  cream  have  been  boiled 
for  too  long  a  time  or  have  been  subjected  to  other  kinds  of  drastic  treatment 
which  have  destroyed  the  specific  lipoid  bodies. 

5.  Xerophthalmia  is  easily  cured  when  recognised  in  time.  The  best 
treatment  is  cod  liver  oil,  but  whole  milk  and  probably  cream,  butter,  eggs 
and  other  fats  containing  the  specific  lipoid  bodies  are  also  curative.  It  is 
important  to  remember  that  these  foods  should  only  be  subjected  to  the 
ordinary  short  boiling. 

6.  The  disease  is  fairly  common  in  Denmark,  apparently  more  so  than 
in  other  countries.  It  is,  for  instance,  practically  unknown  in  Sweden  and 
Norway.    According  to  Mori's  statistics  it  used  to  be  rare  in  Germany.  The 
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reason  for  its  bein^  so  frequent  in  Denmaik  is  probably  partly  due  to  the 
fact  that  tiiis  country  exports  most  of  its  dairy  ])roduc;e,  especially  butter. 

7.  Many  of  the  cases  of  blindness  and  leuconia  attributed  to  eye  com- 
plaints durin*^  infancy,  are  perhaps  due  to  xerojihthalmia.  Of  late  it  has 
been  said  that  blindness  amongst  children  in  JJenmark  is  increasing  while 
gonorrlioeal  ophthalnua  in  new  born  infants  at  the  maternity  hosf)ital  is 
decreasing.  Opht  halnio-blenorrhoea  has  been  the  cause  of  blindn(^ss  in  very 
few  of  the  recent  admissions  to  the  blind  institute,  all  of  which  supports  my 
contention  that  xero|)hthalmia  is  the  actual  cause  of  the  large  number  of 
blind  children  in  Denmark. 
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APPENDIX. 

OBSERVATIONS  ON  XEROPHTHALMIA  IN  DENMARK  DURING 

1918  AND  1919. 

From  Table  I  above  and  Chart  5  it  will  be  seen  that  there  is  a  sharp  rise  in 
the  number  of  cases  from  year  to  year  right  up  till  1918.  It  is  particularly 
during  the  liard  times  consequent  upon  the  war,  in  1915,  1916,  and  1917, 
that  the  cases  are  so  frequent.  If  we  now  consider  the  districts  the  children 
came  from,  we  find  there  are  52  from  the  country  and  only  12  cases  from 
Copenhagen  if  we  except  the  eight  cases  from  the  Children's  Home.  All  the 
most  serious  cases  came  from  the  country,  having  arisen  in  connexion  with 
a  diet  composed  principally  of  centrifuged  milk,  bread,  potatoes,  and  mar- 
garine, and  it  is  these  cases  which  have  increased  so  markedly  during  the  war. 

That  there  have  been  more  patients  from  the  country  is  due  to  the  fact 
that  all  through  the  war  care  has  been  taken  that  there  was  a  comparatively 
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plentiful  supply  of  fresh  milk  in  Copenhagen  for  children  and  that  the  cost 
was  reasonable  even  for  poor  people.  In  the  country  the  conditions  were 
difficult  as  already  mentioned. 

During  1918  a  change  suddenly  occurred,  the  number  of  cases  treated  by 
me  falling  from  23  in  1917  to  1  in  1918. 

The  single  case  which  was  admitted  to  the  State  Hospital  in  1918  had  only 
an  exceedingly  slight  degree  of  xerosis  of  the  conjunctivae.  It  was  an  emaciated 
infant  with  marked  carbohydrate  atrophy,  arising  from  a  diet  of  barley  water 
during  a  long  period. 


1912  13  14  15  16  17  18  19 

Chart  5.    Recording  the  number  of  cases  of  xerophthalmia  admitted  to  the  State  Hospital, 
Copenhagen,  1912-1919. 

There  have  been  no  cases  treated  in  the  State  Hospital  in  1919  (up  to 
July  1st);  from  the  experience  of  previous  years  it  is  not  to  be  expected  that 
any  cases  will  arise  now  that  the  season  of  the  year  is  past  when  the  disease 

usually  appears. 

It  is  impossible  that  this  decrease  can  be  due  to  the  fact  that  cases  m 
1918  and  1919  were  being  treated  at  other  hospitals  than  the  State  Hospital. 
This  is  the  only  civil  hospital  which  is  owned  and  managed  by  the  Danish 
Government  and  it  therefore  receives  patients  from  the  whole  country,  from 
towns  as  well  as  country  districts,  and  deals  preferably  with  difficult  and 
serious  cases.  Thus  the  diseases  which  are  treated  in  the  course  of  the  year 
at  the  State  Hospital  are  always  a  good  sample  of  the  serious  affections  which 
are  spread  throughout  the  whole  country  (acute  infectious  diseases  excepted). 

The  sudden  decrease  in  the  number  of  cases  shows  therefore,  that  after 
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beiii«^   a    lallicr   fr('(|U('iil    and    serious  condition,   the   disease   had   suddenly 
bcconio  iinciuiimon  oi'  mild. 

The  Oj)htlialin()l()^icjil  Society  of  Copenhagen  has  tliis  year  (1919)  under- 
taken a,  statistical  investigation  of  the  incidence  and  disi  rihnl  ion  of  x(;r- 
ophtlialniia  in  Denmark,  through  Dr  ().  Blegad.  Tlie  work  is  n(jt  yet  finished, 
hut  it  alread}-  a|)pears  that  about  100  cases  have  been  discovered  from  1908 
to  1917  (inclusive),  and  that  the  number  has  risen  consid(;rably  during  the 
war.  For  the  year  1918  only  a  very  few  cases  (six  to  eight)  could  be  collected 
and  none  at  all  for  1919.  This  corroborates  my  contention  that  xerophthalmia 
was  formerly  a  rather  common  disease  in  Denmark,  that  it  increased  greatly 
during  the  war  and  practically  ended  in  1917. 

The  reason  of  this  cannot  be  that  the  period  of  scarcity  became  less  acute 
during  1918  and  1919.  The  opposite  is  the  case,  as  is  well  known.  When  the 
German  submarine  blockade  became  established  in  February,  1917,  the 
import  of  fodder  for  cattle  w^as  completely  stopped.  The  result  was  tliat  the 
production  of  milk  was  more  reduced  than  before  and  prices  for  fresh  milk, 
cream  and  butter  reached  hitherto  unknown  heights. 

It  is  possible  that  the  decline  of  the  disease  in  1918  may  to  a  small  extent 
be  accounted  for  by  the  appearance  of  my  articles  on  the  subject  in  I9H), 
1917,  and  1918,  and  the  discussion  to  which  they  gave  rise.  Every  Danish 
doctor  had  his  attention  drawn  to  this  disease.  This  may  have  played  a  part 
especially  with  regard  to  those  cases  which  arose  from  an  excessive  diet  of 
carbohydrates,  in  that  the  doctors  may  have  changed  the  food  in  time.  It 
cannot  how^ever  apply  to  the  large  number  of  severe  cases  from  the  poorest 
homes, — w^here  the  children  had  lived  on  centrifuged  milk,  margarine,  lard, 
bread,  potatoes  and  the  like,  because  in  these  cases  marasmus  is  often  the 
only  manifestation  of  the  disease  until  the  point  when  the  eyes  are  attacked. 

The  only  possible  explanation  seems  to  be  the  radical  change  of  food  which 
took  place  after  December,  1917,  for  the  whole  population,  particularly, 
however,  for  the  poor.  From  February,  1917,  the  German  U-boat  blockade 
put  an  end  to  the  importation  of  fodder  for  cattle,  and  of  all  fat-stufTs,  in- 
cluding raw  products  for  the  production  of  margarine.  Consequently  pig- 
rearing  became  limited  and  the  manufacture  of  margarine  ceased  completely 
in  the  course  of  a  short  time.  As  previously  pointed  out,  lard,  meat  and 
above  all  margarine  are  the  fatty  foods  on  which  the  greater  portion  of  the 
Danish  population  live.  When  the  supply  of  margarine  and  lard  failed  in  1917 
and  no  more  was  forthcoming,  butter  was  the  only  fat  left.  The  blockade  was 
also  responsible  for  a  largely  decreased  output  of  butter  and  prices  became 
impossible  for  the  masses  of  the  people.  Thus  it  became  necessary  for  the 
State  to  take  over  control  of  all  butter.  From  December  21,  1917,  butter  was 
rationed  so  that  everybody,  adult  and  child,  was  entitled  to  receive  250  gms. 
a  week,  and  it  was  sold  at  such  a  low  price  that  all  could  buy  it. 

From  that  ynoment  everyone  ate  butter  instead  of  margarine  and  since  then 
there  has  been  no  xerophthalmia  in  Denmark. 
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It  will  be  seen  how  this  great  dietetic  experiment  involving  a  whole  nation, 
accurately  agrees  with  the  American  and  English  animal  experiments  and 
with  my  earlier  clinical  observations. 

On  the  other  hand  it  is  impossible  with  certainty  to  throw  any  light  on 
the  extent  to  which  change  of  diet  in  1918  and  1919  affected  the  two  other 
conditions  associated  with  xerophthalmia  in  young  children,  viz. :  dystroi)hy 
and  the  reduced  power  of  resistance  towards  infections.  In  addition  to 
change  of  diet  there  are  so  many  other  circumstances  which  must  have  had 
an  influence  on  the  morbidity  and  mortality  of  these  two  years.  So  much 
how^ever  can  be  said  that  the  morbidity  and  mortality  in  1918  and  1919  have 
been  comparatively  slight  taking  into  account  the  great  influenza  epidemic. 
Now  that  the  war  is  over,  the  manufacture  of  margarine  will  be  started  again 
and  the  rationing  of  butter  wdll  cease,  so  that,  on  account  of  its  cheapness, 
margarine  will  supersede  butter  as  before.  It  is  therefore  to  be  feared  that 
next  spring  this  disease  of  malnutrition  and  the  disastrous  ophthalmic  con- 
dition will  occur  again  amongst  the  children  of  the  poorer  people  in  Denmark. 

EXPLANATION  OF  PLATES  II— IV. 

PLATE  II. 

Fig.  1.  Atrophy  with  kemtomalacia,  dry  scaly  skin,  stiff  neck,  arms  in  the  "paw  position," 
infant  extremely  impoverished  and  wretched.    Type  1. 

Fig.  2.    Anna,  M.  J.    Three  months  old.    Carbohydrate  dystrophy  with  oedema.    Type  2. 

Fif^.  3.  Jor(jen,  J.  Two  years  old.  Dystrophy  and  xerophthalmia  with  total  necrosis  of  both 
corneae.    The  disease  arose  from  feeding  with  centrifuged  milk.    Type  3. 

PLATE  III. 

Fig.  4.  Gunner  Willy  ^\  After  recovery.  The  child  can  see  well;  right  eye  almost  normal 
with  a  little  spot  situated  upwards  and  inwards;  left  eye  partly  staphylomatous. 

Double-sided  keratomalacia  with  complete  necrosis  of  left  cornea ;  right  cornea  generally  hazy, 
with  ulceration  on  its  upper  and  inner  aspect. 

The  disease  arose  in  a  16  months'  infant  after  feeding  from  the  age  of  six  months  with  centri- 
fuged milk,  milk  pudding,  oatmeal  porridge,  etc. 

Treated  with  cod  liver  oil,  fresh  milk,  and  milk  pudding. 

Fig.  5.  Leo  A.  After  recovery.  The  child  can  see  a  little  with  the  right  eye  which  is  partly 
leucomatous.  The  left  eye  is  wasted. 

Double-sided  keratomalacia,  total  necrosis  of  left  cornea  with  perforation  and  expulsion  of 
lens,  etc.;  half  of  the  right  cornea  necrotic,  also  with  perforation. 

The  disease  appeared  in  a  14  months'  infant  after  feeding  with  centrifuged  milk,  rusks,  etc. 
(The  child  never  received  any  fresh  milk.) 

Treated  with  cod  liver  oil,  fresh  milk,  and  milk  pudding. 

PLATE  IV. 

Fig.  6.  Yrsa  N.  After  recovery.  The  child  can  see  with  the  right  eye  which  is  almost  normal, 
the  left  eye  being  for  the  most  part  leucomatous. 

Double-sided  keratomalacia  with  total  necrosis  of  the  left  cornea  and  less  necrosis  of  the  right, 
in  an  infant  three  months  old. 

The  disease  arose  after  about  two  months'  feeding  with  oatmeal. 

Treated  with  cod  liver  oil,  human  milk,  and  milk  with  other  things. 

Fig.  7.  Vilfred  H.  After  recovery.  The  child  is  blind,  left  eye  wasted,  right  eye  staphylo- 
matous. 

Double  keratomalacia,  with  widespread  necrosis  of  corneae,  in  a  two  months'  old  child. 

The  disease  arose  after  two  months'  feeding  with  oatmeal  gruel. 

Treated  with  human  milk. 


ouurMNrtL    ur    niuiLiNt,    VUL.    AlA.      INU.   o 


I'ig.  1 


Fig.  2 


Vir,      ^ 


JOURNAL  OF  HYGIENE,  VOL.   XIX.     NO.  3 


PLATE   III 


Fig.  4 


"ly 


>v 


Fig.  5 


305 


THE  WATKH   SUPPLY  OF  TIIK   KCYPTFAN  KXPK- 

DiriONAI^Y  FOIU^K,  WITH   SPK(7AL  in:Fi:ilKN(^K 

TO    THK     KFFKMKNf^V    OK    MKC^HANK^AL    RAPID 

FILTILATrON  WITH   (  II  LOPINATFON. 

By  R.  J.  S.  McDOWALL,  M.H. 

{From  the  Phf/siohg}/  Department,  University  of  Edinburgh :  late  S.S.O.  in  charge 
of  Wafer  Supplies,  Palestine  L.  ofC:  and  late  D.A.D.M.S.,  E.E.F.) 

The  provision  of  an  epideniiolo^ically  safe  water  sup])ly  to  the  Egyptian 
Expeditionary  Force,  as  it  fought  its  way  across  the  Sinai  Desert  to  deliver 
Palestine  from  the  hand  of  the  Turk,  will  long  be  remembered  as  one  of  the  most 
remarkable  achievements  of  the  war. 

The  route  was  already  historic,  as  along  it  the  ancient  kings  of  Egypt  and 
Assyria  had  led  their  hosts  against  each  other.  Napoleon  followed  the  same 
route  in  1798,  and  Sir  William  Willcocks  is  of  opinion  that  the  Israelites  also 
used  it.  The  17th  chapter  of  Exodus  gives  us  an  insight  into  their  difficulties 
regarding  water  supply. 

For  a  modern  army,  however,  the  problem  was  more  difficult,  for  even  the 
army  of  Napoleon  was  in  numbers  less  than  one-tenth  that  of  the  Egyptian 
Expeditionary  Force.  Along  the  first  part  of  the  route  is  a  chain  of  wells 
capable  of  supplying  small  numbers  of  troops,  and  this  sufficed  for  the  needs 
of  the  Australian  and  New  Zealand  cavalry  which  formed  the  advance  guard, 
but  it  was  quite  inadequate  for  the  main  army.  The  eastern  part  of  the  Sinai 
Desert  is  practically  waterless,  and  it  was  on  the  other  side  of  this  waterless 
area  between  Gaza  and  Beersheba  that  the  Turks  had  entrenched  themselves 
and  actually  managed  to  hold  up  our  advance  for  over  a  year.  It  was  therefore 
necessary  to  provide  the  army  with  water  from  a  source  outside  Sinai,  and  the 
only  one  was  the  Fresh  Water  Canal  which  takes  the  water  of  the  Nile  to  Port 
Said  and  the  other  stations  on  the  Suez  Canal. 

When  it  is  considered  that  this  canal  leaves  the  Nile  near  Cairo  and  flows 
through  some  70  miles  of  the  Delta,  where  it  is  ex])osed  to  every  conceivable 
pollution,  and  that  in  addition  to  being  a  veritable  cesspool  it  is  also  bilharzia- 
infected,  it  will  be  seen  that  the  problem  of  purifying  the  water  for  consumption 
by  troops  was  no  easy  one. 

The  primary  question  to  be  solved  was  whether  the  slow  sand  filter  or  the 
mechanical  rapid  filter  should  be  used. 

It  is  interesting  to  note  that  at  home  the  Metropolitan  Water  Board,  forced 
by  the  exigencies  of  war  which  demanded  economy  of  coal  and  labour,  had  set 
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themselves  a  similar  problem.  In  the  thirteenth  Research  Report,  Sir  Alex- 
ander Houston  sums  up  the  question  at  issue  thus : 

"  Is  it  permissible  to  filter  stored  water  so  rapidly  as  to  create  a  material 
economic  gain  in  the  saving  of  filtration  area,  yet  by  the  aid  of  anti-filtration 
or  post-filtration  sterilisation  processes  to  produce  a  water  which  is  epidemio- 
logically  safe,  innocuous,  tasteless  and  reasonably  satisfactory  from  a  physical 
and  sentimental  standpoint?" 

Rapid  filters  have  been  extensively  adopted  in  America.  On  the  other  hand 
British  opinion,  influenced  by  the  possibly  not  altogether  disinterested  advice 
of  engineers  and  supported  by  the  results  of  certain  chemical  analyses,  largely 
adheres  to  the  slow  filtration  method  which  "  has  stood  o\\  the  whole  favourably 
the  test  of  time." 

In  Egypt,  however,  there  was  no  doubt  as  to  the  gross  contamination  of  the 
supply,  and  it  was  realised  that  it  was  of  negligible  importance  what  the  results 
were  as  regards  albuminoid  nitrogen,  ammonia  or  oxygen  absorbed,  so  long  as 
a  water  could  be  provided  which  was  bacteriologically  safe.  Moreover  at  Kantara, 
which  was  the  base  of  the  advancing  force,  space  had  to  be  economised,  as  had 
money  and  labour,  while  the  occurrence  of  sand-storms  might,  it  was  thought, 
seriously  interfere  with  the  working  of  slow  sand  filters.  It  was  therefore 
decided  to  adopt  the  method  of  sedimentation,  rapid  filtration  and  chlorina- 

tion. 

Six  similar  plants  were  installed  at  different  military  posts  of  the  Suez  Canal 
Defence,  and  it  is  interesting  to  note  that  when  the  Turk  was  driven  from  the 
immediate  vicinity  of  the  Suez  Canal,  one  of  these  plants  was  transferred  from 
a  smaller  post  to  Kantara  where  it  was  subsequently  connected  with  the  historic 
pipe-line  across  the  Desert.  Such  an  economy  would  not  have  been  possible 
had  the  slow  filtration  process  been  adopted. 

The  type  of  plant  used  was  a  modified  "Jewel."  In  the  first  instance,  the 
water  passed  through  a  strainer  of  brass  wire  gauze  with  a  mesh  of  a  sixteenth 
of  an  inch  to  exclude  the  snails  which  are  the  intermediate  hosts  of  worms 
causing  bilharziasis.  Thence  it  was  led  to  a  settling  tank  on  the  maze  principle, 
on  entering  which  a  solution  of  aliiminoferric  was  added.  The  water  took  some 
ten  hours  to  flow  through  the  tank,  and  by  this  treatment  alone  the  trans- 
parency was  increased  four  or  five  times  and  40  per  cent,  to  60  per  cent,  of  the 
organisms  removed.   It  then  passed  to  the  filters. 

Each  filter  consisted  of  an  inner  steel  cylinder,  containing  40  inches  of 
coarse  sand  supported  on  gravel,  and  an  outer  cylinder  which  was  three  feet 
higher.  The  water  rose  between  the  cylinders  at  a  speed  which  allowed  of  a 
maintenance  of  a  head  of  2 J  feet  above  the  sand  level  and  after  passing  through 
the  filter-bed  of  the  internal  cylinder,  reached  the  exit  pipe  through  perpen- 
dicular strainers  of  perforated  brass.  The  filters  were  periodically  cleaned  by 
reversing  the  direction  of  the  flow  and  raking  the  surface  of  the  sand.  After 
washing,  it  was  necessary  to  run  to  waste  for  twenty  minutes  to  allow  the  sand 
surface  to  settle.  The  running  to  waste  occurred  automatically,  indeed  all  the 
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valves  woiv  so  arninj^cd  thai  i\n'.  |)i()C('ss  was  (juitc,  f()()l-j)r()()f.  On  heaving 
the  filters,  the  water  was  quite  clear,  and  95  per  cent,  of  the  total  organisms 
found  to  have  })e(Mi  [(MiioNcd. 

Tlic  watn-  was  then  coiidiict rd  to  storage  tanks,  at  the  entrance  to  which 
it  was  chlorinated  to  the  extent  of  usually  0-75  to  I  part  chloiinc  jxt  million 
of  water.  The  actual  method  of  chlorination  differed  at  some  of  the  tanks,  hut, 
so  long  as  efficient  mixing  was  accomplished,  it  did  not  appear  to  matter  which 
was  used.  The  amount  of  bleaching  ])Owder  to  be  added  was  gauged  by  a 
modified  form  of  the  ordinary  ilorrocks  test,  a  modification  of  which  was  also 
used  for  the  testing  of  the  bleaching  powder  itself. 

From  the  bacteriological  point  of  view,  the  process  since  its  installation  has 
given  the  utmost  satisfaction.  Samples  have  been  taken  weekly  and  an  average 
series  of  results  is  given  below. 

Summary  table  of  bacteriological  results  based  on  3J  years^  experience 
and  the  examination  of  multiple  samples. 


Source  of  P.iinple 

Colony 
count 
l)er  c.c. 

(Jlucose 
fermentation 

Lactose 
fermentation 

"  Kla^cinae" 
li.  roll 

Fresh  Water  Canal 

1200 

in  005  c.c. 

in  005  c.c. 

in  01  c.c. 
often  in  005  c.c. 

After  sedimentation 

800 

not  in  005  c.c. 

not  in  005  c.c. 

not  in  005  c.c. 

After  filtration 

50 

not  in  0-5  c.c. 

not  in  0-5  c.c. 

not  in  1  c.c. 
often  not  in  5  c.c, 

After  chlorination 

20-30°* 

not  in  10  c.c. 

not  in  10  c.c. 

not  in  10  c.c. 

*  Developed  chiefly,  if  not  entirely,  from  non-pathogenic  spores  unaffected  by  the  chlorination 

The  freedom  from  bilharzial  infection  was  presumed,  as  all  water  was  stored 
snail  free  in  the  plant,  reservoirs  and  pipes  36-48  hours  before  actual  con- 
sumption. 

It  was  originally  laid  down  that  no  water  which  contained  B.  coli  in  1  c.c. 
should  be  consumed  by  troops  in  the  E.E.F.  As,  however,  the  examination  took 
several  days  to  carry  out,  for  practical  purposes  a  test  with  quantities  varying 
from  0-5  c.c.  to  10  c.c.  of  water  for  the  presence  or  absence  of  acid  and  gas  after 
48  hours  incubation  in  lactose  McConkey  broth  was  relied  upon.  It  was  of 
course  only  necessary  to  test  the  water  as  a  routine  after  filtration  and  after 
chlorination.  The  efficiency  of  the  preliminary  sedimentation  was  estimated  by 
a  transparency  test  in  which  a  piece  of  bright  metal  was  observed  through 
columns  of  water  of  different  depths.  It  will  be  noted  that  the  bacteriological 
standard  is  below  the  usual  civil  one,  but  the  freedom  of  the  troops  from  water- 
borne  disease  will  be  accepted  even  by  slow  sand  filtration  enthusiasts  as  a 
most  convincing  proof  of  the  safety  of  rapid  filtration  and  chlorination  methods 
of  treatment.  It  should  also  be  remembered  that  the  comparative  immunity 
from  disease  occurred  in  a  sub-tropical  climate  amidst  conditions — concen- 
tration of  troops  on  dust  swept  areas  and  initially  most  impure  water — most 
favourable  to  heavy  incidence  of  water-borne  diseases. 

It  is  not  the  writer's  intention  to  discuss  the  advantages  and  di.sadvantage8 
of  the  method  from  the  financial  point  of  view.  These  are  fully  set  out  in  the 


808  Ptirifieation  of  Water 

reports  of  the  Metropolitan  Water  Board  and  elsewhere.  He  wishes,  however, 
to  place  on  record  the  elHciency  of  a  method  over  which  there  is  much  important 
controversy,  and  it  has  been  tested,  not  by  laboratory  experience,  but  on  such 
a  vital  matter  as  the  water  supply  of  an  advancing  army. 

The  supply  from  the  filters  at  Kantara  was  originally  intended  to  supply 
500,000  gallons  a  day  for  a  small  force  of  three  divisions  detailed  to  recapture 
the  Egyptian  frontier  towns  of  El  Arish  and  Rafa,  to  which  the  water  was 
pumped  in  stages  through  a  twelve-inch  main  laid  upon  the  desert  sand.  It 
proved  so  successful,  however,  that  when  the  conquest  of  Palestine  was  con- 
templated, the  pipe-line  continued  to  follow  the  advancing  troops  and  was 
subsequently  laid  on  to  the  Gaza-Beersheba  line,  a  distance  of  147  miles  from 
the  filter-plant  and  220  from  the  Nile. 

The  ancient  prophecy,  that  when  the  w^aters  of  Egypt  should  flow  into 
Palestine  that  country  should  be  delivered,  thus  came  to  be  fulfilled  as  a  result 
of  a  world-wide  war.  At  the  same  time,  there  was  carried  out  physiological 
experiment  on  a  vast  scale  which  proved  that  rapid  filtration  and  chlorination 
methods  of  treatment  can  render  an  initially  highly  polluted  and  dangerous 
water  safe  for  human  consumption,  and  which  has  substantiated  one  of  the 
most  modern  contentions  as  to  the  purification  of  water  supplies. 

In  conclusion,  I  have  to  thank  Sir  Alexander  Houston  for  the  interest  he 
has  shown  in  my  work,  and  for  the  furnishing  of  the  reports  of  the  Metropolitan 
Water  Board  and  other  references.  My  thanks  are  also  due  to  the  several 
bacteriologists  of  the  Kantara  Military  Laboratory  who,  during  the  three-and- 
a-half  years  under  review,  were  always  willing  to  render  assistance  in  the 
examination  of  special  samples ;  and  to  my  friend.  Captain  Rupert  Briercliff e, 
O.B.E.,  R.A.M.C.,  who  was  associated  with  me  in  the  work,  for  placing  at  my 
disposal  many  records  to  supplement  my  own. 
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THE  CHEMOTACTTC  EFFECT  OF  OSMOSIS 
UPON  LEUCOCJYTESi. 

By  frank  MALTANER  and  ELLA  HOPPE. 

(From  the  Division  of  Laboratories  and  Research,  New  York 
State  Department  of  Health,  Albany.) 

This  paper  presents  the  results  of  a  preliminary  study  of  conditions  affecting 
the  movement  of  leucocytes.  It  demonstrates  experimental  facts  which 
confirm  the  assumptions  that  osmotic  force  present  in  aqueous  solutions 
and  the  permeability  of  leucocytes  for  water  are  the  factors  responsible  for 
the  movement  of  these  cells  from  place  to  place. 

I. 

The  action  of  soluble  substances  in  solution  upon  the  movements  of  uni- 
cellular plants  and  animals  has  been  extensively  investigated  and  a  voluminous 
literature  has  accumulated  upon  the  subject.  Solutions  of  different  chemical 
substances  undoubtedly  have  a  varying  effect  upon  the  movements  of  these 
cells.  The  exact  nature  of  the  chemical  or  physical  action  involved  has  not, 
however,  been  satisfactorily  demonstrated. 

Pfeffer,  who  was  one  of  the  earliest  workers  in  this  field,  at  first  attributed 
the  movements  of  certain  one-celled  plants  to  osmosis.  He  later,  after  Stahl 
(1884),  concluded  that  the  stimulus  was  chemical  in  origin  and  gave  the 
phenomenon  its  present  name  of  "chemotaxis."  His  conclusions  were 
extensively  corroborated  by  various  workers,  but  the  development  of  physical 
chemistry  and  its  application  to  the  study  of  biological  phenomena  have 
done  much  to  diminish  the  significance  of  the  experiments  upon  which  these 
conclusions  were  based. 

Jean  Massart,  in  1889,  demonstrated  that  the  movements  of  bacteria 
and  other  plant  cells  were  affected  by  soluble  substances  in  solution.  He 
concluded  that  the  effect  of  solutions  of  different  substances  varies  with  the 
molecular  weight  and  chemical  structure  of  the  substance.  He  said,  "The 
repulsion  exerted  by  these  solutions  is  inversely  proportional  to  the  molecular 
weight  and  directly  proportional  to  the  isotonic  coefficient.  The  substances 
which  form  exceptions  are  those  which  easily  penetrate  the  cells  in  question." 
The  conclusions  of  this  author  apparently  show  a  direct  connection  between 
the  molecular  force  which  causes  diffusion  and  the  movement  of  the  cells 

1  Read  hy  title  at  the  108th  meeting  of  the  Society  for  Experimental  Biology  and  Medicine, 
New  Haven,  Conn.,  May  22,  1920. 
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he  studied.  The  proportionality  to  the  iHotonic  coefficient  also  shows  this 
motion  is  modified  by  the  permeability  of  the  cell  membrane. 

Several  physical  hypotheses  have  been  developed  with  regard  to  the 
activities  of  amoebae.  Certain  of  these  which  appear  to  be  most  accepted  at 
present,  have  for  their  basis  physical  phenomena  observed  in  a  study  of 
artificial  amoebae.  These  artificial  amoebae  are  drops  of  liquid  suspended  in 
another  liquid  in  which  they  are  insoluble.  By  producing  local  variations  in 
surface  tension  at  the  surface  layer  of  such  a  droplet  it  may  be  made  to  move 
in  a  manner  strikingly  similar  to  movements  observed  with  the  living  amoebae. 

While  the  analogy  between  the  phenomena  thus  produced  is  a  close  one, 
the  conditions  under  which  they  are  observed  are  in  fact  quite  dissimilar. 
A  drop  of  Kquid  suspended  in  another  liquid  in  which  it  is  insoluble,  can 
hardly  be  likened  to  a  cell  which  is  made  up  mostly  of  water  and  suspended 
in  the  same  fluid.  Local  variations  in  surface  tension  and  consequent  forma- 
tion of  pseudopodia  are  haphazard  and  due  to  slight  variations  in  tension 
at  points  upon  the  surface  layer  of  the  droplets.  Even  though  these  variations 
in  surface  tension  occurring  within  the  surface  layers  of  the  liquid  droplets 
do  account  for  tactile  movements  in  living  cells,  it  is  unlikely  that  these 
forces  either  have  sufficient  magnitude  or  proper  application  to  account  for 
such  motion  as  is  indicated  by  the  migration  of  leucocytes  toward  an  infected 
area.  In  order  to  produce  translation  for  a  considerable  distance  in  one 
direction,  a  sustained  force  of  considerable  magnitude  is  necessary  in  order 
to  overcome  the  inertia  of  the  liquid  droplet  or  cell  and  the  resistance  offered 
by  the  liquid  in  which  it  is  suspended  and  the  surfaces  with  which  it  may  be 
in  contact.  A  careful  analysis  of  these  surface  tension  hypotheses  has  been 
made  by  Jennings  (1915)  with  regard  to  the  activities  of  amoebae  and  by 
Wells  (1918)  with  regard  to  the  movement  of  leucocytes. 

If  the  experimental  facts,  based  upon  actual  work  with  leucocytes,  alone 
are  considered,  precedence  must  be  given  to  the  hypothesis  that  chemical 
affinity  is  the  source  of  the  stimulus  which  either  produces  or  induces  move- 
ments of  translation  of  leucocytes.  Among  the  most  important  studies  upon 
this  phase  of  the  subject  were  those  of  Buchner  (1890),  Massart  and  Bordet 
(1891)  and  Gabritschewsky  (1890).  These  workers  used  glass  capillaries  which 
were  filled  with  solutions  of  the  substances  to  be  tested.  They  were  sealed  at 
one  end  and  placed  under  the  skin  or  in  the  peritoneal  cavity  of  experimental 
animals.  After  several  hours  the  capillaries  were  removed,  washed,  and 
examined  as  to  their  content  of  leucocytes.  The  presence  of  leucocytes  within 
the  tubes  was  regarded  as  indicating  a  positive  chemotaxis  and  their  absence 
a  neutral  condition  or  repulsion.  By  the  use  of  this  technique  a  great  variety 
of  substances  were  tested,  only  a  few  of  which  showed  a  definite  attraction 
of  leucocytes.  The  best  attraction  was  obtained  with  bacteria  and  their 
extracts  when  these  were  free  from  toxin.  Solutions  of  peptone,  urea,  dextrin, 
glucose  and  a  few  others  also  attracted  leucocytes,  while  alcohol,  acids, 
alkalies  and  salts  repelled  them.   Sicherer  used  a  technique  in  vitro  in  which 
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the  capillaries  containin*^  the  test  solutions  were  suspended,  with  their  open 
end  just  under  the  surface  of  a  suspension  of  leucocytes.  His  results  were 
similar  to  those  obtaincnl  by  the  workers  mentioned  above  but  they  were 
criticized  by  Pfoehl  (1H9<S)  who  nuiintained  that  the  cheinical  nature  of  the 
})hen()men()n  was  not.  proven,  and  on  the  contrary  concluded  that  the  apparent 
results  obtained  were  due  to  reactions  of  a  physical  nature. 

ir. 

At  the  benjinning  of  the  present  study  the  technique  in  vitro  of  Sicherer 
(1899)  was  adopted  on  account  of  its  simplicity  and  the  possibility  it  gives 
for  studying  the  physical  conditions  present.  The  substances  used  as  test 
solutions  were  bacterial  toxins  and  antitoxins,  normal  animal  sera,  broth 
medium,  potassium  tartrate  and  sodium  chloride  representing  neutral  salts, 
citric  acid,  quinine  hydrochloride,  glycerine,  alcohol  and  0-85  per  cent,  sodium 
chloride,  which  latter  was  included  as  a  control  upon  the  solution  in  which 
the  leucocytes  were  suspended.  The  purpose  of  the  experiment  was  to  de- 
termine the  chemotactic  properties  of  the  different  substances,  first  in  the 
form  of  their  most  concentrated  solutions  and  second  of  gradually  decreasing 
concentrations  of  the  same  substances. 

Leucocytes  were  obtained  by  intraperitoneal  injection  of  aleuronat  into  guinea-pigs. 
Tiie  leucocytes  were  washed  twice  and  suspended  in  physiological  salt  solution  (0-85  per 
cent.).  Capillary  glass  tubes  were  filled  with  the  various  increasing  dilutions  of  the  sub- 
stances to  be  tested,  sealed  at  one  end,  and  placed  open-end  down  into  the  saline  suspension 
of  leucocytes.  The  suspensions  of  leucocytes  were  contained  in  small  agglutination  tubes 
and  were  about  1  cm.  deep.  A  separate  tube  was  used  for  each  capillary.  A  temperature 
of  37-5°  C.  was  used  throughout.  After  one  hour  the  capillaries  were  examined  with  a 
microscope,  the  height  to  which  the  leucocytes  had  risen  was  measured  and  the  tube  broken 
and  its  contents  stained  with  Wright's  stain. 

All  of  these  substances  except  alcohol  and  physiological  salt  solution 
showed  strong  attraction  for  leucocytes  as  represented  by  an  accumulation 
of  leucocytes  within  the  capillary  tubes.  This  evidence  of  attraction  disappeared 
gradually  and  with  varying  rapidity  as  the  concentration  of  the  test  solutions 
decreased.  An  examination  of  the  densities  of  those  dilutions  of  the  test 
solutions  in  which  no  leucocytes  accumulated  revealed  the  fact  that  these 
dilutions  possessed  either  the  same  or  a  lesser  density  than  was  possessed  by 
the  suspension  of  leucocytes.  On  the  other  hand,  in  every  case  where  an 
accumulation  of  leucocytes  was  found  within  the  capillaries,  the  densities 
of  the  test  solutions  were  greater  than  the  density  of  the  leucocyte  suspension. 

On  account  of  the  vertical  position  of  the  capillaries  above  the  suspension 
of  leucocytes,  it  was  thought  that  the  leucocytes  in  contact  with  the  denser 
solution  at  the  opening  of  the  capillaries  might  possess  an  increased  buoyancy 
and  as  a  consequence  rise  into  the  capillaries  under  the  influence  of  gravity. 
However,  in  no  case  did  the  leucocytes  accumulate  at  the  upper  end  of  the 
capillaries  as  would  be  expected  if  this  were  the  cause.  Nevertheless  some  of 
the  tests  were  repeated  with  the  capillaries  in  a  horizontal  position. 

20—2 
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Table  I. 


Experiments  in  vitro  demonstrating  the  accumulation  of  leucocytes  in  capillaries  containing  solutions  at 
higher  density  than  the  solution  in  which  they  were  suspended,  and  their  absence  from  capillaries  containing 
these  same  solutions  at  the  same  or  a  lower  density  than  the  leucocyte  suspension. 
Tbst  Solutions  Dilutions  in  Capillaries 

A . 

^  1_0      1-5      1-10  1-20  1-40   1-80  1-160  1-320  1-640  1-1280  1-2560  1-5120 

♦Potassium  tartrate         ...+  +  ++  +  ++  +  ++  +  +  + 

*Citric  acid            +  +  ++  +  ++  +  +  ++  + 

♦Quinine  hydrochloride  ...+  +  +          -              -  -  -          ___---- 

Normal  rabbit  serum     ...+  +  ++  +  ++  +  +  ++  + 

Normal  horse  serum       ...+  +  +      +  +  +      +  +  +  4-  +  +  ++        +         -         -         -         -         -         ~ 

Diphtheria  antitoxin      ...+  +  +      +  +  +      +  +  +  +  +  +  ++       + 

Tetanus  antitoxin           ...+  +  +      +  +  +      +  +  +  +  +  +  ++       + 

Diphtheria  toxin             ...+  +  +        ++            +  -  -          -        -        -         -        ~        ~        ~ 

Diphtheria  toxin  heated      +  +  +++            +  -             -          ------- 

Tetanus  toxin      ......++            +              -  -            -------- 

Tetanus  toxin  heated     ...++            +              -  -            -          ------- 

Broth  used  for  toxin  prod.    +  +  +++             -  -             -          ------- 

Physiological  salt            ...-               -               -  -             -------- 

♦Sodium  chloride              ...+  +  ++  +  ++  +  +  +  + 

Alcohol -              -              -  -            -------- 

Glycerine             ......+  +  ++              -  -            -------- 

+  +  +   =  More  than  19  mm.  rise.  +  +   =  More  than  4  mm.  rise.  4-   =  More  than  1  mm.  rise. 

♦  Dilutions  of  potassium  tartrate,  citric  acid,  quinine  hydrochloride  and  sodium  chloride  were 
made  up  from  saturated  solutions. 
In  thermostat  for  one  hour  at  37-5°  C. 
Leucocytes  suspended  in  0-85  per  cent.  NaCl. 

A  cell  was  constructed  about  18  mm.  square  and  5  mm.  deep.  The  bottom  of  the  cell 
was  a  three  inch  glass  slide.  The  top  was  an  inch  cover-slip  and  the  sides  were  built  up 
Avith  paraffin.  A  single  capillary  containing  the  test  solution  was  thrust  through  a  hole 
in  the  paraffin  wall  and  parallel  to  the  glass  slide  which  formed  the  base.  This  was  sealed 
in  with  a  hot  needle  and  the  leucocyte  suspension  filled  into  the  ceU.  The  cover-slip  was  now 
sealed  in  place  and  the  whole  observed  under  the  microscope  in  a  37-5°  C.  thermostat. 

These  tests  gave  results  identical  with  those  observed  in  the  preceding 
experiment.  The  leucocytes  accumulated  only  in  those  tubes  which  contained 
solutions  possessing  a  greater  density  than  that  of  the  leucocyte  suspension. 

In  order  to  more  fully  establish  the  effect  of  difference  of  density  upon  the 
movement  of  leucocytes  a  greater  variety  of  substances  were  tested  especially 
including  several  w^hich  according  to  previous  investigators  possessed  positively 
chemotactic  properties.  Bacterial  suspensions  and  extracts,  starch,  aleuronat, 
dextrose,  lactose  and  other  substances  w^ere  used.  Solutions  or  suspensions 
were  prepared  and  their  density  adjusted  to  the  same  density  as  that  of  the 
suspension  of  leucocytes.  Two  groups  of  tests  w^ere  performed,  one  in  which 
the  density  w^as  that  of  0-85  per  cent,  sodium  chloride  solution  at  37-5°  C. 
and  the  other  in  which  the  density  w^as  adjusted  to  that  of  guinea-pig  serum 
at  the  same  temperature. 

Two  floating  equilibria  were  constructed.  One  was  adjusted  to  equilibrium  at  a  tem- 
perature of  37-5°  C.  in  an  0-85  per  cent,  solution  of  sodium  chloride.  The  other  was  adjusted 
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at  the  same  tomporaturc  hut  in  iioniial  ^^iiiaoa-pig  Horuiii.  TIk'Rc*  cfjuilibria  wore  Hinall 
ghusa  balloons  weighted  with  mercury  and  adjuHted  hy  fiming  glaHH  to  the  tips  until  they 
would  ncKhor  ris(Mior  sink  in  f  he  solutions  at  'MT)"  ('.  Tesl  sf)luf  ions  of  the  various  suhstanoes 
W(M-(>  |)repan>(l  and  adjusted  <o  (he  same  density  as  the  leueocyfe  susj)ensif)ns  by  means 
of  t\\c  (Mpiilibria.  The  test  solutions  were  lilird  into  glass  (;af)illaries  and  set  up  as  in  the 
first  set  of  experiments.  The  tests  were  carried  out  in  a  37-5°  C.  thermostat.  The  capillaries 
were  examined  from  time  to  time  during  22r)  hours  to  determine  wliefher  a  risf  of  Icueoeytes 
into  the  capillary  tul)(\s  occurred. 

Nine  substances,  namely,  echinacea,  pliytolacca,  (juiniiic  li}'dro(lilori(l(;, 
urea,  citric  acid,  acetic  acid,  dextrose,  lactose  and  sodiurn  chloride,  were 
prepared  from  saturated  solutions  of  these  substances,  in  concentrations 
varying  between  1  in  50  to  1  in  1000.  Tlie  density  of  each  dilution  was  adjusted 

Table  II. 

Experiments  in  vitro  demonstrating  the  fact  that  when  solutions  to  be  tested  for  cheraotactic 
action,  contained  in  capillary  tubes,  are  adjusted  to  the  same  density  as  the  solution  in  which  tho 
leucocytes  are  suspended,  no  leucocytes  accumulate  within  the  capillaries. 


Test  Solutions 

Echinacea  * 

Phytolacca  * 

Quinine  hydrochloride  + 

Urea  + 

Citric  acid  + 

Acetio  acid  + 

Dextrose  + 

Lactose  + 

Sodium  chloride  + 


Dilutions  in  Capillaries 


1-50        1-50 


1-50 


1-100       1-100       1-100      1-500      1-500      1-500     1-1000     1-1000     1-1000 


Distilled 
water  extract 


Filtered 
suspension 


Supernatant 
fluid 


Diluted 
with  H,() 


Aleuronat  ...         ...         ...  -  -  - 

Starch  ...         ...         ...         ...         •••         •••  -  -  - 

Diphtheria  toxin  ...         ...         ...         ...         ...         •••         •••         •••         •••  -  - 

B.  typhos^is  -  -  - 

Staph,  albus  -  -  - 

B.  coli  -  -  - 

Staph,  aureus  ---... 

B.  pyocyaneus  —  —  — 

Normal  horse  serum  ...         ...         ...         ...         ...         ...         ...         ...         •.•  - 

Normal  rabbit  serum  ...  ...  ...  ...          ...  ...  ...  ••.  •••  -  ~ 

Tetanus  antitoxin  ...         ...         ...         ...         ...         ...         ...         •••         •••  ~  ~ 

Dysentery  antitoxin  ...         ...         ...         ...         ...         ...  .•         •.•         •••  ~  ~ 

Diphtheria  antitoxin  

♦=made  from  approximate  normal  tinctures. 

+  =made  from  saturated  solutions. 

Leucocytes  susi^ended  in  0-85  per  cent.  NaCl. 

Test  solutions  are  adjusted  to  the  same  density  as  0-85  per  cent.  NaCl  by  means  of  the  floating 
equilibrium 

Test  solutions  made  from  saturated  solutions  adjusted  by  dilution  with  water  or  with  saline 
solution. 

Temperature  of  cxp.  37-5''  C.     Time  3  to  22^  hours. 
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to  the  desired  density  by  the  addition  of  water  or  salt  solution.  The  bacterial 
emulsions  and  extracts  and  the  normal  sera,  toxins  and  antitoxins  were  used 
in  their  concentrated  form,  the  adjustment  being  made  as  before  with  water 
or  saline. 

None  of  the  capillaries  during  any  period  of  the  experiment,  which  was 
continued  for  twenty-two  and  one-half  hours,  showed  an  accumulation  of 
leucoc\^es.  In  these  tests  the  chemical  nature  of  the  test  substance  certainly 
does  not  affect  the  movement  of  leucoc\i:es.  In  Table  II  are  recorded  only 
the  results  obtained  with  densities  adjusted  to  the  density  of  0-85  per  cent, 
sodium  chloride  solution.  The  results  obtained  with  the  densities  adjusted  to 
the  density  of  normal  guinea-pig  serum  were  absolutely  identical,  and  for 
that  reason  have  not  been  tabulated. 

In  view  of  the  facts  determined  by  use  of  the  above  technique,  some 
tests  were  carried  out  with  capillary  tubes  containing  the  test  solutions 
inserted  subcutaneously  in  guinea-pigs.  Four  test  substances  were  chosen, 
three  of  which,  according  to  Buchner  and  Gabritschewsky,  were  positively 
chemotactic,  namely  urea,  peptone  and  B.  pyocyaneus  protein;  the  other, 
sodium  chloride,  was  negatively  chemotactic.  Solutions  of  three  different 
densities  of  each  substance  were  tested.  The  densities  chosen  were  normal 
guinea-pig  serum  density,  and  densities  greater  and  less  than  this. 

An  aqueous  extract  of  B.  pyocyaneus,  an  aqueous  solution  of  urea,  one  of  peptone  and 
one  of  common  salt  were  prepared.  Three  dilutions  of  each  were  adjusted  by  means  of  the 
floating  equilibrium;  one  to  guinea-pig  serum  density,  one  of  greater  and  one  of  lesser 
density.  These  dilutions  were  filled  into  capillary  tubes  1-5  mm.  in  diameter  and  12  mm. 
long  and  inserted  under  the  skin  of  the  abdomen  of  guinea-pigs.  After  eight  hours  they 
were  removed  and  the  contents  examined  for  leucocytes. 

It  was  impossible  to  obtain  reliable  results  with  this  technique.  The  glass 
capillaries  were  often  broken  and  in  other  cases  fibrin-like  plugs  closed  the 
openings  so  that  the  leucocytes  could  not  penetrate  even  if  an  attraction  was 
exerted  by  the  test  solution.  The  results  obtained  with  solutions  of  sodium 
chloride  and  urea  in  guinea-pig  no.  1  and  the  results  with  peptone  in  guinea- 
pig  no.  3  show  definitely  the  greater  accumulation  of  leucocytes  in  those 
capillaries  containing  the  more  concentrated  solutions  of  these  substances. 

III. 

The  irregularities  encountered  by  use  of  the  capillary  tube  technique  in 
animals  led  us  to  repeat  the  work  of  Buchner  (1890)  with  bacterial  protein, 
which  has  been  generally  accepted  as  demonstrating  the  chemical  nature  of 
the  chemotaxis  of  leucocvtes. 

B.  pyocyaneus  Wi\s  cultivated  on  potato  slants  at  room  temperature  for  72  hours.  On 
account  of  the  scanty  growth,  the  organisms  were  later  cultivated  on  beef  infusion  agar 
at  37-5°  C.  for  24  hours,  there  being  no  apparent  difference  in  the  bacterial  extract  obtained. 
The  bacterial  mass  was  scraped  from  the  media  and  rubbed  up  in  about  50  times  its  volume 
of  0-5  per  cent,  caustic  soda  solution.  This  was  left  at  6"  C.  for  IS  hours,  a  clear  solution 
resulting.  This  solution  was  made  faintly  acid  with  X  10  hydrochloric  acid,  and  the  voki- 
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(luinoa-pig  expoiinicnts 
v'itliin  capillary  tubes  inscrU 

( 'ontcut  of  capillary 
Slit  solution 

1.  Isotonic 

2.  IScruin  ilciiaity 

;{.  Saturntetl  solutioji 

Jrea  solution 

1.  Isotonic 

2.  iSorum  density 

3.  Saturated  solution 

'eptone  solution 

1.  Isotonic 

2.  Serum  density 

3.  Saturated  solution 

'^yocyancMS  extract 

1.  Less  than  serum  density 

2.  Serum  density* 

3.  Greater  than  serum  den 

sitv  * 


Table  III. 

Ml   Vitro  (iciMoustrat  ing  tlu;  cfTcct,  (if  varying  the  density  of  the  tost  nolutions 
d  snitcutanooUHly  in  ^uinca-|ti<.'H  and  removed  afttT  8  liourH. 

l*i^  Number  I  1*1^  Number  II  Pig  Number  1 1 1         I'ig  Number  TV 


+ 
+  + 

+  +  + 

+ 

+  + 

+  +  4- 


+  dense  fibrin  mass 

+  +   capillary 
broken 


+ 

+  + 
Capillary  lost 


CapilUrieH  of  salt 
solution  lost  and 
confused  with 

urea.  Two  of  th(5 
si.x  were  recovered 
but  not  identified 

Ditto 


air  bubble  at 
entrance 


+ 

+  +  capillary 
broken 


+ 
+ 


+  + 
+  + 

+ 

+  + 

+  +  + 


Two  capillaries  lost, 
third  uat  identi- 
fied 


+ 

+ 

+  +  + 


+  dense  fibrin  masH 

+  +  + 


Two  capillaries  lost,  + 

third  not  identified     +  dense  fibrin 

+  +  + 


+ 


*=  Density  adjusted  by  addition  of  salt  solution. 

-  —No  leucocytes  present. 

+  =Few  leucocytes  in  open  end  of  capillary. 
+  +  =  Leucocytes  approximately  6  mm. 
+  +  =Leucocytes  entire  length  of  capillary — 12  mm 


minous  precipitate  formed  was  subsequently  separated  by  centrifugalization.  This  precipitate 
was  rubbed  up  in  a  little  water  and  a  small  quantity  of  0-5  per  cent,  caustic  soda  solution 
added,  just  sufficient  to  bring  it  into  solution.  This  solution  was  dark  brown  and  clear  and 
gelatinized  in  the  cold  as  described  by  Buchner. 

The  dissolved  protein  was  sealed  in  freshly  drawn  out  spindle  shaped  glass  tubes  5  cm. 
long  and  about  6  mm.  wide  at  the  middle,  and  sterilized  by  boiling  in  a  water  bath  for  one 
hour. 

A  space  on  a  rabbit's  back-  about  4  inches  square  was  shaved  and  a  little  slit  made 
through  the  skin.  The  capillaries  could  be  easily  pushed  through  this  slit  and  moved  forward 
about  25  cm.  from  the  point  of  insertion  and  the  tips  broken  ofiF.  Control  tubes  were  filled 
with  isotonic  salt  solution.  These  capillaries  were  left  in  place  for  from  four  to  48  hours. 
They  were  then  removed  and  examined  macroscopically  and  with  a  hand-lens.  The  tubes 
were  then  broken  into  sections  and  the  contents  of  the  sections  examined  with  a  dark  field 
and  by  staining. 

Contrary  to  the  results  reported  by  Buchner  no  leucocytes  accumulated 
in  any  of  the  capillaries  containing  either  bacterial  protein  or  isotonic  salt 
solution.  At  first  what  appeared  to  be  a  cloud  of  leucocytes  was  observed 
in  the  tubes,  but  a  closer  examination  showed  this  to  be  a  precipitate  which 
formed  in  the  protein  regardless  of  whether  the  tubes  were  placed  in  the 
animal  or  simply  in  the  incubator  for  a  similar  period  of  time.  The  particles 
of  this  precipitate  were  exactly  the  size  and  had  the  general  appearance  of 
leucocytes,  but  were  much  more  highly  ilhiminated  in  dark  field  preparations, 
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and  staining  and  microscopic  examination  showed  them  to  be  semi-crystalline 
in  nature.  Even  when  stained  with  Wright's  stain  they  resembled  leucocytes. 
At  the  openings,  and  extending  a  millimeter  or  two  into  the  capillaries,  plugs 
of  fibrin-like  clot  containing  a  few  leucocytes  were  invariably  formed,  both 
in  the  tubes  containing  bacterial  protein  and  in  those  containing  isotonic  salt 
solution. 

It  was  thought  that  positive  results  might  be  obtained  if  the  capillaries 
containing  the  bacterial  protein  were  placed  in  the  peritoneal  cavity.  For  this 
reason  similar  capillaries  were  filled  with  the  protein  and  placed  in  the 
peritoneal  cavities  of  rabbits  and  guinea-pigs.  In  some  instances  aleuronat 
or  distilled  water  was  injected  into  the  cavity  from  four  to  five  hours  before 
the  tubes  containing  the  test  solutions  were  inserted  so  as  to  have  a  con- 
siderable quantity  of  leucocytes  present.  In  no  case  was  an  accumulation  of 
leucocytes  found  within  the  capillaries  other  than  the  small  plug  at  the 
opening  and  thi3  was  almost  invariably  present. 

These  same  or  similar  plugs  were  observed  by  Buchner  who  seemed  to 
regard  them  with  the  few  leucocytes  they  contained  as  evidence  of  chemotaxis. 
He  observed  these  plugs  however  only  with  positively  chemotactic  substances 
while  our  experiments  showed  them  to  be  present  regardless  of  the  nature 
of  the  test  solution. 

IV. 

As  a  result  of  our  work  with  a  capillary  tube  technique  in  animal  experi- 
ments it  was  concluded  that  such  a  procedure  was  unsuitable  for  a  study  of 
the  effect  of  substances  in  solution  upon  the  movement  of  leucocytes,  and 
that  results  by  its  use  should  be  regarded  with  considerable  scepticism.  The 
experiments,  on  the  other  hand,  by  the  use  of  capillaries  in  vitro  gave  what 
seemed  to  be  reliable  results  and  definitely  indicated  that  the  movement  of 
leucocytes  was  due  to  some  physical  property  which  depended  upon  a  differ- 
ence in  density  between  two  solutions  in  contact  with  each  other. 

The  early  observations  of  Massart  (1889),  previously  mentioned,  regarding 
the  effect  of  dissolved  substances  upon  the  movement  of  certain  bacteria  and 
plant  cells,  indicated  that  diffusing  substances  had  a  repelling  action  upon 
these  cells  and  that  this  repulsion  was  in  some  manner  dependent  upon  the 
isotonic  coefficient.  In  other  words,  diff\ision  and  the  permeability  of  the 
bacteria  for  the  diffusing  substance  w^ere  responsible  somehow  for  their  re- 
pulsion from  the  test  solutions. 

Now  diffusion  obviously  occurs  in  solutions  of  different  density  in  contact 
with  each  other,  and  especially  when  the  solvent  is  the  same  for  each  solution. 
This  diffusion  takes  place  in  two  directions,  the  dissolved  substances  diffusing 
in  one  direction  and  the  solvent  in  the  opposite  direction. 

Animal  and  vegetable  cells  are  in  all  cases  easily  permeable  to  water, 
while  their  permeability  for  dissolved  substances  differs  considerably  although 
it  is  always  less  than  their  permeability  for  water. 
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With  these  facts  in  mind  tlie  following  conception  was  formulated  as 
defining  tlie  conditions  to  be  observed  in  a  study  of  the  action  of  soluble 
substances  in  solution  upon  the  movement  of  leucocytes. 

(1)  That,  there  is  no  inherent  force  within  the  leucocyte  whi(;li  can  cause 
it  to  move  considerable  distances  in  a  short  space  of  tim(\ 

(2)  That  the  force  which  produces  this  motion  resides  in  the  solution  and 
is  physical  and  not  cheiriical  in  nature. 

(3)  That  in  a  solution  in  which  the  solute  is  not  at  conc(;ntration  (;qui- 
libriuni  with  its  solvent,  there  exists  a  force  of  diffusion  both  upon  the 
molecules  of  the  solute  and  of  the  solvent. 

(4)  That  the  movement  of  leucocytes  is  from  a  less  dense  to  a  denser 
solution  or  from  one  of  lesser  to  one  of  greater  concentration  in  an  aqueous 
medium  and  that  this  motion  is  due  to  the  force  of  diffusion  of  the  water 
molecules  moving  in  a  direction  opposite  to  the  force  upon  the  molecules  of 
solute. 

(5)  That  a  leucocyte  is  a  particle  of  semi-permeable  material  wliich  has 
taken  up  the  solvent  water  in  an  amount  far  in  excess  of  its  mass  as  repre- 
sented by  protein  and,  as  a  consequence,  moves  by  reason  of  the  force  of 
diffusion  upon  the  molecules  of  water  and  in  a  direction  opposite  to  the 
direction  of  action  of  the  diffusing  molecules  of  solute. 

With  this  conception  of  the  problem  in  mind  the  four  following  experi- 
ments were  carried  out. 

Test  No.  1. 

The  first  test  shows  that  an  artificial  leucocyte  which  consisted  of  a  cell 
in  the  shape  of  a  sphere  made  of  collodion  and  filled  with  water  moves  in 
water  toward  a  source  of  diffusing  saccharose. 

A  copper  sterilizing  pan  five  inches  wide  and  one  and  one-half  inches  deep  and  ten  inches 
long  was  divided  into  three  compartments  by  means  of  parchment  partitions.  One  of  the 
end  compartments  was  filled  with  a  concentrated  solution  of  saccharose  and  the  other  two 
with  distilled  water.  A  spherical  sack  of  collodion  one  inch  in  diameter  wns  filled  with 
water,  the  opening  tied  with  a  silk  thread  and  placed  in  the  middle  compartment. 

After  about  30  minutes  this  cell  had  moved  over  against  the  partition 
through  which  the  saccharose  was  diffusing,  and  this  occurred  repeatedly 
during  the  course  of  the  experiment  regardless  of  where  the  cell  was  placed 
within  the  middle  compartment. 

Test  No.  2. 

This  test  demonstrates  the  movement  of  leucocytes  over  a  considerable 
distance  toward  a  source  of  diffusing  sodium  chloride. 

Ordinary  six  by  five-eighths  inch  test  tubes  were  drawn  out  at  one  end  to  a  diameter 
of  about  6  mm.  They  were  bent  to  an  angle  of  about  120  degrees  at  the  beginning  of  the 
constriction.  The  constricted  end  was  cut  off  about  four  inches  from  the  bend. 

Five  batches  of  1/2  per  cent,  aqueous  agar  were  prepared  containing  respectively  no 
sodium  chloride,  0-5,  1,  2,  and  ^  per  cent,  sodium  chloride. 
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The  agar  was  then  filled  into  the  bulbs  of  the  test  tubes  described  and  allowed  to 
gelatinize.  VVashed  guinea-pig  leucocytes  were  suspended  in  Oo  per  cent,  sodium  chloride 
solution  contained  in  a  small  crystallizing  dish.  The  drawn  out  ends  of  the  tubes  were  now 
tilled  with  0-5  per  cent,  saline  and  the  open  ends  immersed  in  the  suspension  of  leucocytes. 
The  experiment  was  carried  out  in  a  thermostat  at  37-5°  C. 

After  four  or  more  hours  the  leucocytes  were  found  to  have  moved  into 
the  tubes  containing  the  2  and  3  per  cent,  sodium  chloride  for  from  three  to 
four  inches,  while  in  the  other  tubes  no  leucocytes  had  accumulated. 

Test  No.  3. 

The  following  test  is  an  actual  demonstration  of  the  presence  of  osmotic 

force  and  shows  the  effect  of  the  diffusion  of  sodium  chloride  upon  the  rate 

of  settling  of  leucocytes  from  a  suspension. 

A  suspension  of  guinea-pig  leucocytes  was  made  in  0-5  per  cent,  sodium  chloride  solution. 
This  was  filled  into  two  small  test  tubes,  about  2  c.c.  of  suspension  in  each.  At  the  surface 
of  the  suspension  in  each  tube  there  was  placed  by  means  of  wire  loops  a  small  particle  of 
agar  (about  3  mm.  cross  section).  This  agar  was  plain  aqueous  1  per  cent,  agar  in  one  tube 
and  in  the  otlier  was  1  per  cent,  agar  containing  3  per  cent,  sodium  chloride.  These  tubes 
were  placed  in  the  thermostat  at  37  5°  C. 

The  suspension  contained  in  the  tube  with  the  plain  aqueous  agar  settled 
rapidly  to  the  bottom  while  that  contained  in  the  other  tube  had  not  settled 
in  five  hours. 

This  experiment  was  repeated  using  pellets  of  agar  in  place  of  the  particles 
described  above.  These  pellets  rested  upon  constrictions  made  in  the  test 
tubes.  The  results  were  similar. 

Test  No.  4. 

The  last  test  shows  that  an  insoluble  substance  like  casein  has  no  effect 
upon  the  rate  of  settling  of  leucocytes  from  a  suspension,  but  that  when  a 
soluble  substance  is  produced  by  tryptic  digestion,  the  same  effect  is  observed 
as  with  sodium  chloride. 

This  experiment  was  set  up  in  the  same  manner  as  test  no.  3,  using  two  test  tubes 
containing  the  leucocyte  suspension.  The  agar  pellets,  however,  contained  in  the  one  case 
powdered  casein  and  in  the  other  a  mixture  of  casein  and  trypsin. 

The  leucocytes  in  the  tubes  containing  the  casein  agar  pellet  settled  quite 
rapidly  to  the  bottom,  while  in  the  tube  containing  the  casein  trypsin  agar 
mixture,  the  leucocytes  remained  suspended  for  more  than  six  hours. 

Regardless  of  any  theoretical  considerations  these  four  experiments 
together  with  capillary  tube  experiments  in  vitro  demonstrate  that  with  the 
substances  used,  and  in  an  aqueous  medium,  leucocytes  move  in  a  direction 
opposite  to  that  in  which  the  dissolved  substances  are  diffusing.  This  supports 
the  hypothesis  that  the  movement  of  leucocytes  is  due  to  the  force  of  osmosis 
which  exists  in  a  solution  not  at  concentration  equilibrium,  and  that  the 
application  of  that  force  depends  upon  the  greater  permeability  of  leucocytes 
for  water  than  for  the  dissolved  substances. 
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I.    PRELIMINARY  CONSIDERATIONS. 

The  writer  has  recently  been  engaged  in  India  in  the  study  of  the  part  played 
by  meteorology  in  malaria  and  in  a  forthcoming  paper  a  detailed  account  of 
the  investigation,  so  far  as  it  has  at  present  gone,  is  recorded^. 

This  communication  is  solely  concerned  with  the  application  to  English 
conditions  of  the  following  conclusions  which  are  thought  to  throw  light  on 
the  malaria  problem  in  England. 

(1)  Meteorological  factors,  more  particularly  the  temperature  and  humidity 
factors,  play  an  important  part  in  malaria  since  they  are  largely  concerned 
in  determining  the  conditions  necessary  for  the  transmission  of  infection. 

(2)  In  any  attempt  to  determine  the  influence  of  either  temperature  or 
humidity  in  malaria  it  is  necessary  to  take  into  account  both  the  temperature 
and  the  humidity  factors. 

(3)  The  transmission  of  malaria  in  India  is  mainly  confined  to  periods 
when  the  temperature  and  humidity  factors  are  above  a  definite  height,  the 
lower  limits  of  which  are  approximately  represented  by  a  monthly  mean 
temperature  of  61°  F.  and  a  monthly  mean  relative  humidity  of  63  per  cent, 
(as  measured  at  8  a.m.). 

(4)  When  both  factors  are  above  the  "  critical "  figure  a  period  of  potential 
infection  occurs  and  when  either  factor  is  below  the  "critical"  figure  a  period 
of  interrupted  infection  supervenes. 

(5)  Provided  both  factors  are  above  the  "critical"  figure,  a  high  mean 
temperature  and  a  high  mean  humidity  are  more  favourable  to  the  transmis- 
sion of  malaria  than  a  low  mean  temperature  and  a  low  mean  humidity. 

*  Gill,  C.  A.  (x.  1920),  The  Role  of  Meteorology  in  Malaria,  Indian  Journ.  Med.  Research. 
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It  was  also  pointed  out  that  in  Nortlicrn  India,  wlierc  the  mean  tem- 
perature (luriuL!  tlin  jjrreater  portion  of  t  lie  year  is  uniforndy  above  61°  F., 
the  liuini(li(\'  factor,  hy  n^nson  of  its  marked  seasonal  variability,  exercises 
a  predominant  part  in  determining  the  season  of  the  year  and  the  duration 
of  the  period  durin<>:  vvhieli  the  transmission  of  infection  may  take  place. 

In  temperate  climates,  on  the  other  hand,  wh(Te  a  hi;^di  de<,^ree  of  atmo- 
spheric humidity  more  constantly  prevails  and  where  the  mean  tcmiperature 
durinji  the  hottest  months  is  in  the  vicinity  of  the  "critical"  temperature 
(01°  F.),  it  was  surmised  that  the  temperature  factor  woukl  be  likely  to  be  of 
major  importance  in  determining  the  occurrence  of  periods  of  potential 
infection. 

In  these  circumstances  it  was  decided  to  examine  the  temperature  and 
humidity  conditions  prevailing  in  the  United  Kingdom  with  a  view  to  ascer- 
taining whether  they  confirmed  or  rebutted  the  conclusions  detailed  in  the 
above  summary. 

As  the  result  of  applying  this  test  has  afforded  evidence  suggesting  that 
the  temperature  and  humidity  factors  play  an  important  part  in  determining 
the  incidence  and  distribution  of  indigenous  malaria  in  England,  and  that  by 
taking  into  account  the  influence  exerted  by  these  factors  some  obscure 
points  in  the  endemiology  of  malaria  may  be  explained,  it  has  been  thought 
expedient  to  consider  the  subject  in  some  detail. 

I  desire  to  take  this  opportunity  of  recording  my  gratitude  to  the  Hon. 
Major-General  W.  R.  Edwards,  C.B.,  C.M.G.,  M.D.,  Director-General,  Indian 
Medical  Service,  for  permitting  the  publication  of  this  note  in  England,  and 
also  for  the  encouragement  which  his  interest  in  the  main  investigation  has 
occasioned. 

II.    THE  SEASONAL  INCIDENCE  OF  ENDEMIC  MALARIA  IN  ENGLAND. 

The  first  point  it  was  sought  to  determine  has  reference  to  the  season  of 
the  year  in  which  it  is  held  that  meteorological  circumstances  in  the  United 
Kingdom  permit  of  infection  taking  place,  which,  of  course,  must  be  clearly 
distinj]fuished  from  the  season  of  the  vear  in  which  attacks  of  malaria  may 
occur. 

Applying  to  the  United  Kingdom  the  conclusion  that  a  mean  monthly 
temperature  of  not  less  than  61°  F.  approximately  represents  the  lower  limit 
of  temperature  necessary  to  create  a  period  of  potential  infection,  it  is  found 
from  a  scrutiny  of  The  Book  of  Normals^  that  in  respect  of  the  164  recording 
stations  in  the  United  Kin^^dom  (Scilly  and  the  Channel  Islands  being  excluded), 
the  mean  monthly  temperature  in  no  part  of  the  kingdom  reaches  6]^  F. 
except  during  the  months  of  July  and  August.  There  is  one  exception  to  this 
rule,  viz.  Camden  Square,  London,  N.W.,  where  the  mean  temperature  in 
June  is  61°  F.   (It  is  however  stated  that  the  thermometer  at  Camden  Square 

1  The  Book  of  Nortnals  of  Meteorological  Elements  for  the  British  Isles  for  periods  ending  1915. 
The  Meteorological  Office,  Kingsway,  London,  W.C. 
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is  not  kept,  as  elsewhere,  in  a  Stevenson  screen  and  it  is  thus  not  protected 
from  indirect  radiation.) 

A  further  analysis  of  the  temperature  conditions  in  July  and  August 
shows  that  as  a  general  rule,  to  which  there  are  a  few  exceptions,  the  mean 
temperature  is  slightly  higher  in  July  than  in  August.  It  is  also  clear  that 
these  two  months  are  appreciably  hotter  than  any  others,  so  that  under 
normal  conditions  it  would  not  be  anticipated  that  the  temperature  factor 
would  be  suitable  to  the  transmission  of  infection  during  any  other  month 
in  the  year. 

In  view  of  this  conclusion,  it  is  of  interest  to  note,  in  the  Reports  on  Malaria, 
published  by  the  Local  Government  Board  and  the  Ministry  of  Health^,  that 
the  majority  of  the  indigenous  cases  of  malaria  recently  reported  in  England 
have  been  considered,  on  clinical  and  epidemiological  grounds,  to  have  been 
acquired  during  the  months  of  July  or  August.  A  certain  number  of  primary 
attacks  have  been  attributed  to  infections  acquired  in  the  spring,  but  it  is  for 
consideration  whether  these  cases  are  not  examples,  as  some  authorities  are 
inclined  to  think,  of  the  tardy  appearance  of  infections  acquired  in  the  pre- 
vious year. 

In  regard  to  relative  humidity  the  mean  figures  for  a  large  number  of 
areas  are  not  available,  but  I  have  been  referred  by  the  Director  of  the 
Meteorological  Office,  to  a  paper  by  W.  F.  Stacey  (1915)^,  from  which  it 
appears  that  the  monthly  mean  relative  humidity  (at  9  a.m.)  in  91  recording 
stations  during  the  period  1901-1910  never  falls  below  70  per  cent,  during 
any  month  of  the  year. 

In  connexion  with  the  use  of  monthly  mean  figures  of  meteorological 
elements  for  the  purpose  of  determining  periods  of  potential  infection  it  is 
necessary  to  emphasise  certain  points. 

In  the  first  place  it  is  possible  that  the  meteorological  data  may  not 
accurateh'-  reflect  the  climatic  conditions  in  every  part  in  each  meteorological 
area,  nevertheless,  until  the  contrary  be  proved,  it  seems  permissible  to 
assume  that  they  do. 

Secondly,  it  is  recognised  that  monthly  mean  figures  do  not  form  entirely 
satisfactory  data,  since  they  fail  to  take  into  account  the  conditions  prevailing 
in  exceptional  years,  whilst  they  may  refer  to  widely  different  conditions. 

Monthly  mean  figures  therefore  form  no  substitute  for,  and  do  not  neces- 
sarily give  any  indication  concerning,  the  actual  conditions  of  temperature 
and  humidity  associated  with  the  transmission  of  malaria  in  England,  but 
until  the  latter  have  been  determined  it  is  thought  that  the  monthly  mean 
figures  may  be  made  to  serve  a  useful  purpose. 

1  James,  S.  P.,  Reports  and  Papers  on  Malaria  contracted  in  England  in  1918,  Report  to  the 
Local  Government  Board  on  Public  Health  and  Medical  Subjects,  New  Series,  No.  123.  See  also 
Malaria  at  Home  an  I  Abroad  by  the  same  author.  John  Bale,  Sons  and  Danielsson,  Ltd.  London 
1920. 

2  Stacey,  W.  F.  (i.  1915),  Distribution  of  Relative  Humidity  in  England  and  Wales,  Quart. 
Journ.  Royal  Meteorol.  Soc.  xli,  No.  173. 
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The  follow  iuLi  coiiclii^ions  arc  drawn  in  rcf^ard  to  the  iiiflucncft  of  tem- 
perature and  liiniiidilN'  on  I  he  seasonal  incidence  of  majariai  infection  in  the 
United  Kin«:;doni : 

1.  Relative  liuniidity  bein^  at  all  times  favourable  plays  litth;  or  no 
part  in  determining  the  seasonal  incidence  of  malarial  inflection  in  England. 

'2.  The  temperature  factor  exercises  an  important  role  sincce  it  limits  the 
])(M*i()d  durin;;  which  malaria  may  ordinarily  be  acquired  in  the  United 
Kingdom  to  the  months  of  July  and  August. 

111.    THK  RRCENT  DISTRIBUTION  OF  ENDKMIC  MALARIA  IX  KXGLAXD. 

It  necessarily  follows  from  the  part  attributed  to  meteorolo^zical  factors 
in  determining  the  required  conditions  for  the  transmission  of  malaria  that 
the  distribution  of  the  endemic  centres  of  malaria  in  the  United  Kingdom 
should  conform  to  these  conditions,  and  that,  for  reasons  already  stated,  a 
predominant  influence  should  be  exerted  by  the  temperature  factor. 

In  order  to  test  the  accuracy  of  this  view  the  accompanying  Map  1  has 
been  prepared  in  accordance  with  the  following  plan: 


Areas 

Mean  temperature 

in  areas  during 

July  and  August 

Shown  in  map 

1 
2 
3 
4 

62°  F.  or  over 
61-62°  F. 
60-61°  F. 
Under  60°  F. 

Shaded  vertically 
Stippled 

Shaded  obliquely 
Blank 

It  will  be  seen  that  the  distribution  of  temperature  during  the  hottest 
months  in  the  year  (as  measured  by  monthly  mean  temperature)  is  in  some 
respects  peculiar,  and  differs  from  the  distribution  which  on  general  grounds 
might  have  been  anticipated. 

The  area  showing  a  mean  temperature  during  July  and  August  of  62°  F. 
or  over,  which  is  extremely  small  in  size,  comprises  a  strip  of  country  in  Essex 
and  Kent  on  each  side  of  the  estuary  of  the  Thames  and  the  lower  portion  of 
the  Thames  valley.  Area  1  also  includes  a  strip  of  country  in  the  south  of  Hamp- 
shire in  the  vicinity  of  the  New  Forest  together  with  the  eastern  portion  of  the 
Isle  of  Wight.  The  towns  of  Brighton  and  Clifton  also  belong  to  Area  1. 

Area  2,  which  is  much  larger  than  Area  1,  is  bounded  on  the  south  by  the 
coast-line  from  the  vicinity  of  Dover  to  the  west  of  Bournemouth,  whilst  its 
northern  boundary  is  formed  by  a  line  which  runs  more  or  less  obliquely 
across  England  from  a  point  on  the  east  coast  of  Norfolk  to  the  Bristol  Channel 
in  the  vicinity  of  Cardiff. 

Its  western  boundary  is  formed  by  a  line  which  first  runs  due  north  from 
the  vicinity  of  Bournemouth,  and  then  turns  west  and  runnin;^  parallel  to 
the  Bristol  Channel,  ends  on  the  coast  in  the  neighbourhood  of  Ilfracombe. 
Small  areas  surrounding  Torquay,  Teignmouth  and  Plymouth  also  belong  to 
Area  2. 
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ENGLAND  &  WALES. 


Explanation. 


Zone  with  mean  temperature  in  July — August  •/ 


over        62°  F. 


61°F.— 62°F.= 


60°F.— 61°F.= 


^  under     60°F.=  unshaded 
Ancient  distribution  of  endemic  malaria  =   x 

Kecent  distribution  {1917 — 1919)  of  endemic  malaria  =  • 

Note: — A  case  of  malignant  tertian  malaria  believed  to  have  been  contracted  at  Liverpool  was 
reported  in  The  British  Medical  Journal,  Nov,  27,  1920.  The  patient — a  girl  of  18  years  of  age — 
was  born  in  Liverpool  and  lived  there  for  10  years,  but  it  is  not  clear  where  she  lived  during  the 
remaining  eight  years  nor  whether  she  always  resided  in  Liverpool  during  July  and  August.  The 
proximity  of  Liverpool  to  Area  3  may  also  be  noted. 
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Area  3  consists  of  a  strip  of  country  lyin^^  to  the  norili  of  and  parallel 
to  Area  2  except  in  tlio  east,  where  its  north<;rn  boundary  diverges  so  as  to 
include  an  area  in  the  soutli  of  Yorkshire.  'I'he  es<,uar\  of  f  lie  JJee  and  a  small 
area  alonu  1  lie  north  coast  of  Wales  also  belong  to  this  area,  whilst  in  England 
an  area  around  Shrewsbury,  the  south  coast  of  J^cvon  and  f  hre("  small  coastal 
areas  in  Cornwall  all  belong  to  Area  3. 

Area  4.  The  rest  of  England  and  Wales,  with  the.  (!xce])tion  of  tin*  city  of 
IManchester  and  the  town  of  Aberdovcy  in  Wales,  the  whole  of  Scotland  and 
t  he  whole  of  Ireland  (excluding  the  city  of  Dublin)  all  belong  to  Area  4,  in 
which  the  mean  monthly  temperature  during  July  and  Angust — the  hottest 
months — never  normally  reaches  60°  F. 

It  is  now  necessary  to  determine  the  relationship  of  these  four  areas  to 
the  present-day  distribution  of  endemic  foci  of  malaria. 

From  the  reports  issued  by  the  Local  Government  Board — now  the 
Ministry  of  Health — it  appears  that  during  the  period  J  91 7-1 01 8  382  indi- 
genous cases  of  malaria  were  discovered  in  27  different  localities  in  the 
United  Kingdom.  Lieut. -Colonel  S.  P.  James,  M.D.,  I. M.S.  of  the  Ministry 
of  Health,  has  kindly  supplied  me  with  the  figures  for  the  year  1919  during 
which  92  additional  cases  were  discovered  amongst  the  civil  population  and 
13  fresh  endemic  foci.  Reliable  figures  are  therefore  available  regarding 
40  endemic  foci  and  404  indigenous  cases  of  malaria. 

If  the  localities  and  the  number  of  cases  occurring  in  each  be  allotted  to 
their  respective  areas  (see  Map,  p.  324)  the  result  shown  in  Table  1  is  obtained. 

Table  L 
The  Distribution  of  Endemic  Malaria  in  the  United  Kingdom  bv  Areas. 


Area           County 

Place 

No.  of 
Cases 

Remarks 

Area  1     Kent 

Sheppey  and  Sheernes.<i* 
Isle  of  Grain 

172 
59 

iSea-level  (approx. ). 

5»                                      >> 

Sandwich 

78 

7  feet 

Queenborough 
Chatham 

23 
2 

8ea-level  (approx  ) 
8  feet 

Sittingboume 

3 

4  feet 

Iwade 

1 

32  feet 

Minster 

1 

Sea-level  (approx.) 

Essex 

Tilbury 
Purfleet 

3 

1 

Sea-level  (approx.) 
31  feet 

Middlesex 

Walton  on  Thames 

2 

40  feet 

Hampshire 

Portsmouth 

tiouthampton 

Emmcorth 

1 
1 

1 

Sea-level  (approx.) 
»               »» 
»»               »» 

Area  2     Essex 

Bournes  Oreen 

o 

90  feet 

Walton  on  Naze 

7 

Sea-level  (approx.) 

Dover  court 

6 

10  feet 

Shotley 

Brightlingsea 

Colchester 

1 
1 
2 

Sea-level  (approx.) 

84  feet 

82  feet,  R.  Colne 

*  Localities  italicised  are  situated  on  the  coast. 
Journ.  of  Hyg.  xix 
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Table  l—contd. 


Area 

County 

Plate 

Area  2 

Suffolk 

Felixstowe 
Bau\lsey 
South  wold 

Norfolk 

Thetford 

Huntingdon 

St  Ives 
Fletton 

Hertford 

London  Colney 

Kent 

Lydd 

Sussex 

Ucktield 

Hampshire 

Aldershot 

Dorset 

Parkstone 

Aiva  3 

Shropshire 

Shrewsbury 

Atcham 

Coalport 

Leicester 

Leicester 

Noi-folk 

Fakenham 

Lincoln 

Grantham 
Tetney  Loch 

Nottingham 

Chilwell 

Area  4 

— 

— 

A  sum  Ilia  rv  of  the 

above  figures 

table. 

No.  of 
Cases 

Remarks 

2 
3 

1 
2 

Sea-level  (approx.) 
*,.               .. 
*>               »» 
35  feet,  R.  Little  Ousc 

1 

27  feet,  R.  Ouse 

I 

27  feet,  R.  Nen 

I 

225  feet,  R.  Cohie 

3 

10  feet 

1 

43  feet,  R.  Ouse,  Susaex 

9 

256  feet 

1 

Sea-level  (approx.) 

1 

193  feet,  R.  Severn 

1 

149  feet,  R.  Severn 

3 

200  feet,  R.  Severn 

1 

200  feet 

o 

115  feet,  R.  Wensum 

•> 

162  feet,  R.  Witham 

1 

1 

Sea-level  (approx.) 
18  feet 

Table  2. 

Endemic  localities 

Cases  of  malaria 

Areas 

Actual 

Percentage 

Actual 

Percentage 

Area  1 

14 

400 

350 

86-6 

Area  2 

17 

40-0 

42 

10-4 

Area  3 

8 

200 

12 

30 

Area  4 

0 

0-0 

0 

0-0 

Total 


39 


1000 


404 


100-0 


It  is  thus  seen  that  40  per  cent,  of  the  endemic  localities  and  no  less  than 
86  per  cent,  of  the  cases  are  included  in  the  extremely  small  zone  in  which 
the  mean  temperature  during-  July  and  August — the  hottest  months — is  over 
62°  F.,  while  40  per  cent,  are  scattered  in  a  much  larger  area  in  which  the 
mean  Julv-August  temperature  is  between  6V  F.-62^  F. 

There  are  eight  locaUties  in  the  zone  exhibiting  a  mean  temperature  during 
July  and  August  of  60°  F.-61°  F.,  whilst  no  endemic  localities  exist  in  the 
rest  of  the  United  Kingdom,  in  which  the  mean  temperature  during  the 
hottest  months  (July-August)  is  below  60°  F. 

A  consideration  of  the  distribution  of  mean  temperature  in  the  United 
Kingdom  therefore  appears  to  suggest  that  the  temperature  factor  may  play 
an  important  part  in  determining  the  distribution  and  incidence  of  endemic 
malaria  in  this  country. 

But  the  temperature  factor  alone  does  not  aftord  an  explanation  of  the 
peculiar  distribution  of  the  endemic  localities  within  the  above  zones  and  it 
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is  thou^Oit  tluit  })v  takin«ij  into  account  the  humidity  conditions  some  light  may 
be  throw  II  on  i  liis  point. 

Mr  Stacey  shows  (/or.  r//.)  that  whilst  at  no  season  of  the  year  does  the 
moan  monthlv  rehitive  huinidity  (as  measured  at  i)  a.m.)  fall  below  70  per 
cent.,  the  areas  showin<j;  the  loire.st  mean  relative  humidity  in  July  and 
Auj2;ust  {;orres])()n(l  jipproximatcly  with  the  areas  exhibitinji;  the  hiyhe,st  mean 
temperature. 

It  is  clear  therefore  that  little  or  no  relationship  exists  between  the  areas 
showinji  relatively  hi;:h  dej^rees  of  humidity  during  the  summer  and  the 
geographical  distribution  of  endemic  malaria;  but  this  lack  of  correlation 
would  be  anticipated,  since  in  many  of  the  areas  exhibiting  relatively  high 
degrees  of  humidity,  the  temperature  factor  is  not  favourable  to  the  trans- 
mission of  malaria. 

It  is  clearly  necessary  to  consider  the  distribution  of  the  endemic  centres 
within  the  area  exhibiting  a  suitable  mean  temperature  in  relation  to  their 
mean  relative  humidity. 

Unfortunately  so  little  is  known  in  regard  to  relative  humidity  that  no 
precise  indications  of  its  distribution  can  be  given,  but  some  conclusions  can 
be  reached  as  the  result  of  a  consideration  of  the  following  circumstances. 
In  the  first  place  it  may  be  assumed  that  the  atmosphere  in  low-lying  areas, 
if  the  latter  are  situated  on  the  sea-coast  or  in  badly  drained  riverain  tracts, 
in  addition  to  being  relatively  warm,  will  also  be  relatively  humid.  Secondly, 
Mr  Stacey  gives  as  one  of  his  four  general  conclusions  that  '*In  summer  the 
air  over  the  interior  of  the  country  (England  and  Wales)  is  drier  than  over 
the  coastal  regions."' 

It  will  be  seen  from  Table  1  (pp.  325,  326)  that,  of  the  39  endemic  localities 
in  England,  17  are  situated  on  the  coast  (names  italicised  in  the  Table),  whilst, 
if  those  which  are  less  than  100  feet  above  sea-level  and  are  at  the  same  time 
in  close  proximity  to  the  coast,  be  included  no  less  than  26  or  65  per  cent,  of 
the  endemic  localities  exhibit  the  climatic  conditions  prevailing  in  coastal 
regions  during  the  summer. 

Of  the  remaining  (inland)  endemic  centres  it  is  noticeable  that  they  are 
all  located  in  low-lying  situations — none  being  above  300  feet  above  sea-level — 
and  they  are  in  close  relation  with  river  valleys  or  marsh  land.  Thus  three  are 
situated  in  the  Fen  district,  three  in  the  Severn  valley  and  three  in  the  Thames 
valley. 

Whilst  therefore  no  detailed  consideration  of  this  subject  can  be  given, 
the  facts  suggest  that  the  precise  location  of  the  endemic  centres  of  malaria 
in  England,  within  the  area  exhibiting  a  favourable  mean  temperature,  may  be 
partly  explained  by  the  role  played  by  relative  humidity. 


328  Malaria  in  Enyland 

IV.    THE  PAST  HISTORY  OF  MAL.\RIA  IN  ENGLAND. 

The  boarinj^  of  the  conclusions  re^ardin<2  the  role  attributed  to  temperature 
and  hiunidity  in  determininu  the  recent  distribution  of  endemic  malaria  may 
with  advantage  be  considered  in  relation  to  its  former  distribution  in  the 
United  Kingdom. 

Owing  however  to  the  imperfect  knowledge  prevailing  in  regard  to  "fevers" 
in  general  (and  malaria  in  particular)  up  to  quite  recent  times,  the  past 
history  of  malaria  is  wrapped  in  obscurity.  Nuttall,  Cobbett  and  Strangeways- 
Pigg  (1901)^  give  a  detailed  account,  so  far  as  it  could  be  ascertained,  of  the 
conditions  prevailing  chiefly  in  the  18th  and  19th  centuries,  and  from  the  map 
accompanying  their  paper  the  endemic  localities  existing  at  this  period  have 
been  added  to  my  Map  (p.  324),  where  they  are  shown  as  crosses. 

It  will  be  seen  that  the  Thames  valley  and  estuary  of  the  Medway  in 
Area  1  were,  as  now,  relatively  severely  infected,  and  that  in  the  Fen  district 
many  centres  of  endemic  malaria,  which  are  only  represented  at  the  present 
time  by  St  Ives  and  Flotton,  existed. 

There  is  also  in  Area  2  an  endemic  focus  in  the  vicinity  of  the  Romney 
marshes,  in  the  neighbourhood  of  which  one  endemic  centre- -Lydd — has 
recently  been  detected.  Another  small  endem.ic  area  existed  near  the  mouth 
of  the  Ouse  river  in  Sussex,  whilst  recently  one  indigenous  case  has  been 
reported  from  this  neighbourhood  (Uckfield). 

Endemic  areas  in  Hampshire  were  Lymington,  Christchurch,  and  Lynd- 
hurst,  which  are  again  represented  by  the  indigenous  cases  recently  reported 
from  Southampton,  Parkstone,  Portsmouth  and  Emsworth. 

In  Area  2,  moreover,  an  endemic  centre  existed  near  Bridgwater,  where 
in  four  villages  at  the  mouth  of  the  Parrett  river,  malaria  was  formerly  pre- 
valent. No  cases  have  recently  been  reported  from  this  area,  but  Lieut.-Colonel 
James  informs  me  that  one  case  has  been  reported  from  Bridgwater,  which  he 
did  not  regard  as  being  of  undoubted  indigenous  origin  as  the  patient  had 
been  in  north  Russia  a  year  previously. 

In  Area  3  there  were  some  16  endemic  localities,  mostly  in  Norfolk  and 
Lincoln  which  are  represented  in  1917-1919  by  Grantham  and  Tetney  Lock 
in  Lincoln  and  Fakenham,  Thetford  in  Norfolk  and  Southwold  in  Suffolk. 

Finally  in  Area  4,  in  which  it  would  not  be  anticipated  that  any  endemic 
localities  would  occur,  except  for  two  places  on  the  Yorkshire  coast — Par- 
trington  near  Spurn  Head  and  Hull,  which  are  on  the  coast  and  almost  within 
Area  3 — the  only  endemic  areas  in  Area  4  were  Carlisle  in  Cumberland, 
Kendal  and  Ulverston  in  Westmoreland,  Garstang  and  Kirkham  in  Lanca- 
shire and  Penzance  in  Cornwall. 

1  Nuttall,  G.  H.  F.,  Cobbett,  L.,  Strangeways-Pigg,  T.  (1901),  Studies  in  Relation  to  Malaria. 
The  geographical  distribution  of  Anopheles  in  relation  to  the  former  distribution  of  ague  in 
England,  Journ.  of  Hygiene,  i,  4-44,  2  maps. 


C.  A.  OiM.  320 

111  regard  to  those  areas  Nuttall,  Coblx'tt,  and  Stran<^cways-Pigp;  (loc.  cil.) 
give  tli(^  following  infonnaf  ii»ii  on  lln'.  auUiority  of  \\n'  observers  (juoted: 

(1)  CarlisI*':  "Ague  not  endcinic  In  lsr»'.)  of  2580  patU'iilH  treated  at  tin-  diHponHary 
only  lliicc  <'nlt'r((l  as  HufTcriii^;  from  iiilcrmillciit  discaHc"  (Wliitlcy   IHOI). 

(2)  Kendal:  "  Kroni  ITUa  IS2I  118  ca.st'H  t)f  interinitlcnt  (li.scaHc  occurred  uinongHl 
28,70()  patients,  hut  between  181,'}   J821  there  were  only  six  caHes"  (Proudfoot  1795-1821). 

(3)  Ulverston:  "No  intermittent  disease  was  se(ui  during  'M)  years  practice  hut  he  had 
heard  that  a  good  deal  existed  at  tlie  heginiiing  of  the  ee'itury"  (Dickenson). 

(4)  Garstang:  "Some  intermittent  disease  in  1820  1827  but  none  since'  (ji.jl  182f»- 
1827). 

(5)  Kirkhani:  Dr  (iradwell  reports  seeing  much  ague  prior  to  18.'J1. 

{())  Pen/.anc(>:  Only  three  cases  in  a  period  of  17  years  amongst  8,8fK)  pati<'ntH  (Forbes, 
17im-1822). 

The  above  authors  were  unable  to  obtain  any  information  in  regard  to  the 
occurrence  of  endemic  malaria  in  Scotland.  They  state  however  that  "on  the 
borders  of  Scotland  ague  was  formerly  very  prevalent,  and  very  common 
about  Berwick  and  at  Roxborough  in  1807." 

In  regard  to  Ireland  they  state  that  this  country  "has  the  reputation  of 
being  exempt  from  ague,  the  peat  bogs  being  especially  stated  to  be  free 
from  the  disease,  but  Wylde  speaks  of  the  occurrence  of  ague  in  Ireland  and 
of  the  occurrence  of  an  epidemic  in  Dublin  in  1805 ^" 

It  is  considered  that  the  above-quoted  statements  cannot  be  considered 
as  proving  the  former  existence  of  endenuc  malaria  in  either  Scotland  or 
Ireland  and  that  it  is  open  to  doubt  whether  the  north-west  corner  of  England 
was  ever  malarious. 

In  the  case  of  the  south  of  England  and  the  Midlands  the  evidence  is, 
on  the  other  hand,  entirely  convincing  that  the  disease  was  in  certain  parts 
prevalent  and  relatively  severe.  Thus  Nuttall,  Cobbett  and  Strangeways- 
Pigg  {loc.  cit.  p.  26)  conclude  that  "In  England  malarial  disease  seems  to 
have  been  endemic  only  in  the  low-lying,  ill-drained  swampy  districts  where 
there  was  abundance  of  stagnant  or  slowly-flowing  shallow  water.  Among 
such  places  the  principal  were  the  Fens  of  Cambridgeshire,  Lincolnshire  and 
the  surrounding  counties,  the  marshes  on  either  side  of  the  estuary  of  the 
Thames  in  Kent  and  Essex,  the  marshes  of  Romney  and  Pevensey  on  the 
south  coast  and  those  around  Bridgwater  on  the  Bristol  Channel.'' 

The  same  authors  conclude,  as  the  result  of  a  scrutiny  of  the  death-rate 
from  malaria  during  the  years  1850-1858  in  the  Fen  district  and  in  Kent 
respectively,  that  the  disease  was  more  fatal  at  that  time  in  the  low-lying 
lands  in  Kent  bordering  on  the  estuary  of  the  Thames  than  in  the  Fen  country 
around  Huntingdon  and  Wisbech.  They  add  "And  this  is  in  substantial  agree- 
ment with  what  Defoe  wrote  a  century  earlier.'' 

^  In  a  recent  book,  The  Influence  of  Man  on  Animal  Life  in  Scotland,  Professor  Ritchie  states 
that  malaria  was  formerly  prevalent  in  parts  of  Scotland  and  he  shows  on  a  map  the  location  of 
the  endemic  localities.  Its  sca>^onal  incidence  is  stated  to  have  hern  vernal  rather  than  autumnal 
and  its  di.sappearance  is  said  in  some  cases  to  have  followed  the  ce.ssation  of  emigration  of  agri- 
cultural labourers  from  malarious  parts  of  England. 
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This  brief  and  incomplete  review  of  the  past  history  of  niahiria  in  the 
United  Kingdom  therefore  suggests  that,  whilst  it  has  during  recent  years 
become  greatly  reduced  in  incidence  and  severity,  its  distribution  has  not 
undergone  any  material  change. 

It  is  therefore  concluded  that  the  view  reached  in  regard  to  the  part  played 
by  temperature  and  liumidity  is  not  rendered  untenable  by  any  facts  which 
are  forthcoming  as  the  result  of  a  scrutiny  of  tlie  past  history  of  the  disease. 

V.    CONCLUSION. 

It  is  thought  that  the  adoption  of  the  view  attributing  an  important  part 
to  temperature  and  humidity  in  determining  the  distribution  of  malaria  in 
England  ati'ords  an  explanation  of  some  obscure  points  in  connexion  with  the 
endemiology  of  the  disease. 

Lieut. -Colonel  8.  P.  James,  M.D.,  I. M.S.,  draws  attention  (loc.  cit.)  to  one 
of  these  points  when,  in  connexion  with  his  recent  work  in  England,  he  states : 

"It  was  found: 

(1)  That  in  a  number  of  places  which  harboured  many  carriers  and 
numerous  anophelines  no  new  cases  of  malaria  arose. 

(2)  That  some  of  the  new  cases  recorded  arose  in  areas  which  har- 
boured only  one  or  two  carriers  and  exceedingly  few  anophelines." 

"The  occurrence,  in  England,"  he  adds,  "of  these  two  conditions  (some- 
times termed  'Paludism  sine  Malaria'  and  'Malaria  sine  Paludism'  respec- 
tively) is  of  great  interest.  The  problem  of  defining  the  particular  localities 
and  circumstances  in  which  we  may  expect  an  origin  of  new  cases  and  a  spread 
of  malaria  would  be  solved  if  we  could  explain  these  occurrences  correctly." 

It  is  thought  that  in  the  light  of  the  part  ascribed  to  the  temperature  and 
humidity  factors  an  explanation  of  these  two  conditions  is  forthcoming. 
Thus  it  is  clear,  in  the  case  of  England,  that  if  the  temperature  during  July 
and  August  is  unfavourable  to  the  transmission  of  malaria,  the  local  incidence 
of  the  disease  will  not  be  affected  by  the  presence  of  many  human  carriers 
and  numerous  anophelines  (Paludism  ^sirie  Malaria). 

On  the  other  hand,  in  areas  where  the  temperature  and  humidity  factors 
are  favourable,  the  transmission  of  infection  will  be  apt  to  occur  provided  one 
or  two  carriers  are  present  together  with  relatively  few  anophelines  (Malaria 
sine  Paludism). 

In  these  circumstances  it  would  not  be  anticipated  that  any  exact  corre- 
lation would  exist  between  the  distribution  of  carrier  species  of  anophelines 
and  the  distribution  of  endemic  malaria  in  the  United  Kingdom,  and  it  is 
now  known  that  these  insects  prevail  in  many  parts  of  England  without 
giving  rise  to  indigenous  cases  of  malaria. 

It  is  possible  that  the  part  assigned  to  the  temperature  factor  may  to 
some  degree  explain  the  gradual  decline  of  malaria  in  England. 

The  endemic  area  in  this  country  is  situated  near  the  northern  limit  of 
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tilt' area  in  which  I  he  iiicaii  h'lnpcrat  lire  (liiriii;^  the  hottOHt  nioiitlis  Ih  favour- 
able to  the  transmission  of  t  he  disoaso.  In  this  area  a  cohi  siininicr  anfl  mioim; 
especiallv  a  succession  of  cohl  sunmiors — would  he  anticipated  in  t  h(r  (;ourso 
of  time  to  h'ad  to  a  uradual  dec  line  in  the  incidence  of  the  disease,  for  in  such 
circumstances  tJie  "recovery-rat(^  '  would  exceed  the  '' infect  if)n-rate.  ' 

An  interruption  of  infection,  as  tjie  result  of  unfavourahje  tem})erature 
conditions,  would  necessjirily  occur  more  frecjuentiy  in  the  Ken  district  in 
the  north  than  in  Kent  in  the  south,  and  it  would  therefore  be  anticipated 
(as  indeed  appears  to  he  the  case)  that-  the  decline  of  the  disease  would  take 
place  more  rapidly  in  the  former  than  in  the  latter  area. 

Finalh-,  on  this  view,  the  main  factor  in  delerniiniriL:  an  unusual  pre- 
valence or  a  mild  epidemic  in  England  would  be  an  unusuall\'  hot  summer. 

In  tliis  connexion  it  is  of  interest  to  note  that  the  last  occasion  on  which 
malaria  is  known  to  have  prevailed  extensively  in  England  was  in  the  years 
1858-1859.  On  consulting  the  meteorological  report  for  1858^  it  is  found  that 
this  year  was  rendered  noteworthy  by  reason  of  the  exceptionally  long  and 
hot  summer^.  The  mean  temperature  in  June  was  extraordinarily  high 
(64-9°  F.  as  compared  with  a  mean  of  594°  F.  at  Greenwich),  and  the  Registrar- 
General  in  his  report  for  the  year^  states:  "The  heat  in  June  w^as  so  great 
that  there  was  no  instance  except  one  since  1771  in  which  the  mean  tem- 
perature for  that  month  has  been  exceeded^." 

It  was  thought  that  slight  but  progressive  changes  in  climate,  involving 
a  reduction  in  the  mean  temperature  during  the  summer,  might  also  form  a 
contributory  factor  to  the  decline  of  malaria  in  England,  but  the  meteoro- 
logical authorities  have  no  knowledge  of  any  secular  changes  in  climate; 
and,  indeed,  it  is  not  necessary  to  postulate  their  occurrence,  in  view  of  the 
fact  that  normal  oscillations  in  the  cHmatic  conditions  prevailing  in  England 
suffice  to  determine  a  considerable  amount  of  interruption  of  infection  in 
certain  years. 

No  doubt  other  circumstances  have  contributed  to  the  spontaneous 
decline  of  malaria  in  England.  Thus  the  drainage  of  water-logged  areas,  and 
more  especially  the  elaborate  system  of  drainage  carried  out  in  the  Fen 
district,  must  not  only  have  considerably  reduced  the  facilities  for  the  breeding 
of  anophelines,  but  in  addition  may  have  rendered  the  humidity  conditions 
less  favourable  than  formerly  to  the  transmission  of  infection. 

The  intensive  cultivation  of  the  soil  and  the  great  extension  of  urban  areas 
have  also  completely  changed  the  environment  in  certain  malarious  tracts. 

^  Quarterly  Weather  Reports,  England,  1858. 

2  It  is  assumed  that  the  prevalence  of  malaria  in  IS.IO  was  mainly  the  restilt  of  infections 
acquired  during  the  previous  year. 

'  Report  of  the  Registrar-General  of  Births  and  Deaths,  1858. 

*  Since  tliis  cominuiiifation  was  sul)niitted  for  pul)li(ation  my  attenli(^n  has  In  on  (ailed  to  a 
report  by  Angus  Ma<'donald  (liar  Office.  Ohscrvations  on  Malaria,  Dereniher,  19^)  in  wiiirh  the 
influence  of  temperature  on  malaria  in  England  is  charly  recognised  and  emphasised  and  detailed 
temperature  statistics  for  the  years  1858 — 1860  are  given. 
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It  is  thus  not  difficult  to  understand  the  reason  why  Lambeth  and  Pinilico 
in  London,  which  in  the  18th  century  were  notoriously  malarious,  are  now 
free  from  the  disease.  Finally,  in  view  of  the  part  played  by  economic  and 
social  conditions  in  maintaining  infection  in  malarious  conmiunities,  it  would 
be  anticipated  that  the  great  amelioration  in  these  conditions  which  has  taken 
place,  more  especially  during  the  past  100  years,  must  have  been  a  further 
factor  in  favouring  the  spontaneous  decline  of  the  disease. 

In  view  of  the  operation  of  all  these  factors — amongst  which  an  important 
part  is  assigned  to  the  meteorological  factors — it  is  possible  to  offer  an  ex- 
planation of  the  gradual  disappearance  of  malaria  from  England,  and  to 
hazard  the  opinion  that  the  introduction  from  abroad  of  human  carriers  is 
not  likely  to  interfere  materially  with  its  final  extinction. 

SUMMARY. 

(1)  The  study  of  the  meteorological  circumstances  prevailing  in  the 
United  Kingdom  confirms  the  conclusions  reached  in  India  that  the  com- 
bined influence  of  temperature  and  humidity  plays  an  important  part  in 
determining  the  conditions  necessary  for  the  transmission  of  malaria. 

(2)  The  part  assigned  to  temperature  and  humidity  points  to  the  con- 
clusion that  the  period  of  active  infection  in  England  is  ordinarily  limited  to 
the  months  of  July  and  August. 

(3)  The  part  attributed  to  temperature  accounts  for  the  geographical 
distribution  of  the  endemic  area  of  malaria  in  the  British  Isles  and  explains 
its  limitation  to  certain  parts  of  England. 

(4)  The  combined  influence  of  temperature  and  humidity  appears  to 
afford  an  explanation  of  the  precise  location  of  the  endemic  centres  of  malaria 
within  the  above  area. 

(5)  The  part  assigned  to  temperature  and  humidity  elucidates  certain 
points  in  connexion  with  the  endemiology  of  malaria  in  England,  and  ifc 
offers  an  explanation  of  the  conditions  known  as  "Malaria  sine  Paludism" 
and  "Paludism  sine  Malaria." 

(6)  The  part  played  by  the  meteorological  factors  throws  light  on  the 
past  history  of  malaria  in  England  and  it  helps  to  explain  its  gradual  decline. 
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A  VAM  ATION  OF  THK  **  AOC^LITINABI  LITY-FAOTOR" 

IN   DPvKVKJIS  SYSTKM. 

Hv  A.   D.  UAHDNEK,  J).M.  (Oxon.),  F.R.('.S.  (Ksa.). 

{From  (he  Standard  ft  Ijihoratorji,  DeparUnent  of  Patholofj)/,  Orford.) 

Onh  of  the  main  postulates,  upon  which  Dreyer's  system  for  ai^glutination- 
tests  is  based,  is  that  no  two  suspensions  of  any  organism  can  be  taken  as 
identical  in  agglutinability.  This  fact  is  now  too  well  proven  to  need  further 
demonstration,  though  it  is  still  disregarded  in  many  a  current  method. 

There  are  two  ways  of  meeting  the  difficulty,  and  both  have  been  adopted 
at  different  periods  in  the  manufacture  of  sterilized  cultures  for  the  Widal 
test  (see  Dreyer,  1909). 

(1)  All  suspensions  are  brought  to  one  and  tlie  same  degree  of  agglutin- 
ability by  suitable  additions  of  culture-filtrate,  to  reduce  the  sensitiveness,  or 
of  salt-solution,  to  increase  it. 

(2)  Each  suspension  is  diluted  with  salt-solution  to  a  suitable  constant 
density,  and  its  sensitiveness  is  carefully  estimated  by  comparison  with  an 
arbitrarily  chosen  "standard"  suspension,  or  with  any  other  suspension 
already  standardised  against  the  latter.  The  agglutinability  of  the  new  suspen- 
sion in  relation  to  the  standard  can  then  be  expressed  numerically  in  the  form 
of  an  "Agglutinability  factor." 

This  factor,  and  its  operation,  form  the  subject  of  the  experiments  described 
in  this  paper — experiments  in  which  an  attempt  has  been  made  to  estimate 
to  what  extent  the  agglutinabihty-factor  succeeds  in  reducing  to  manageable 
order  the  numerical  chaos  that  results  from  the  variability  of  suspensions  of 
an  agglutinable  bacillus  (B.  typhosus). 

To  this  end,  a  number  of  specimens  of  blood  were  obtained  from  patients 
suffering  from  typhoid  fever,  and  from  persons  who  had  been  inoculated  with 
B.  typhosus. 

From  the  stock  of  "standard"  cultures  of  B.  typhosus,  which  have  been 
issued  from  the  vStandards  Laboratory  at  one  time  or  another,  five  were 
selected  which  showed  a  considerable  range  of  agglutinabihty  {i.e.  a  range  of 
more  than  100  per  cent,  difference),  were  of  widely  different  ages  (see  Hst 
below),  and  included  at  least  one  suspension  of  relatively  inferior  (juality 
(viz.  T  32  which,  though  ([uite  fit  for  routine  use,  had  always  been  regarded 
as  somewhat  hyper-sensitive,  and  as  an  inferior  dumper). 

Each  serum  was  suitably  diluted,  after  a  rough  preliminary  test,  and 
titrated  at  one  and  the  same  time  against  each  of  the  suspensions  employed. 
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Since  the  full  technique  has  been  described  in  several  recent  articles  {e.g. 
Gardner,  A.  D.,  1918)  and  is  identical  in  all  essentials  with  the  original  method 
used  by  Dreyer  and  his  co-workers  since  1905  (see  Schroeder,  1909),  a  detailed 
description  of  it  will  be  omitted. 

The  long  series  of  12  tubes  was  used,  except  on  a  few  occasions  (when 
insufficient  serum  was  available).  Drop  measurement  was  employed,  for  the 
sake  of  economy  in  material  and  labour.  All  readings  were  taken  by  the 
direct  comparative  method  (Madsen).  Three  readings  of  each  series  were  made; 
"Standard"  agglutination  and  "trace"  at  two  hours,  and  "trace"  only  at 
24  hours. 

SOURCE  AND  NATURE  OF  THE  SERA  TESTED. 

Nos.  1  to  20  (inclusive),  26  and  27,  were  from  persons  in  normal  health 
who  had  been  inoculated  with  B.  typhosus  during  the  war.  Nos.  2,  3  and  20 
had  been  inoculated  with  vaccine  made  in  Oxford;  No.  14  with  American, 
and  the  remainder  with  Army  vaccine.  Three  different  "strains"  of  B.  typhosus 
are  therefore  represented  among  this  number.  No.  26  was  suffering  from 
Paratyphoid  B.  fever  at  the  time  of  bleeding.  No.  31  was  from  a  rabbit 
which  had  been  inoculated  with  strain  T.  Lab.;  and  No.  32  from  a  rabbit 
inoculated  with  strain  Edwin ;  the  two  last  mentioned  contained  0-3  per  cent. 
Phenol.  The  remainder  of  the  sera  came  from  cases  of  B.  typhosus  infection 
drawn  from  N.  England,  London  and  Dublin.  Two  (Nos.  25  and  33)  were  old 
stored  specimens  to  which  antiseptic  had  been  added  in  quantities  unknown 
to  the  writer.  The  remainder  were  freshly  drawn.  Certain  of  the  latter,  as 
will  be  seen  later,  were  spoiled  or  infected  in  the  course  of  preparation  and  in 
transmission  by  post;  and  some  of  the  few  anomalous  reactions  observed  were 
doubtless  due  to  these  accidents. 

THE  SUSPENSIONS  USED. 

All  were  standard  cultures  of  B.  typhosus  which  had  at  one  time  or  another 
been  issued  from  the  Standards  Laboratory  for  routine  use.  Their  character- 
istics are  given  here  in  tabular  form. 

Agglutinability  -factors 
at  time  of  issue.  (Later 

n  brackets)        Character  of  agglutination 

—  Good 

—  Good 
(5-1)  Good 

—  Good.   (Rapid  dumper) 

—  Good 

—  Not  good.    (Fine  clumps;  slow  to 

reach  maximum ;  hyper-sensitive) 
T  35     1  yr  4-1       —  Good.   (Very  rapid  dumper) 


No. 

Age 

Strain               c 

orrection 

T12 

4yrs 

Typhoid  Lab. 

6-3 

T  18 

3  yrs  2  mths 

»* 

5-8 

T  19 

3  yrs  1  mth 

it 

61 

T21 

3  yrs 

i> 

4-7 

T26 

2  YX9,  6  mths 

>» 

6-7 

T32 

1  yr  4  mths 

Typhoid  Edwin 

10-3 
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It.  w'ji.s  iiittMnlcd  (()  tost  all  the  sera  with  a  single?  sjjCMiiiicii  of  (!ach  of  live 
cultures,  T  18  to  T'VJ;  ])ut  tho  frccjuont  o|)(uiiii<^  of  the,  hir^o  rulturo  bottles, 
led  eventually  to  the  coiitaininatioii  of  some  of  llicm.  SuhscMjuoiit  Hi^sn  were 
tested  with  three  of  the  same  cultures  {T  \x,  T  lil,  T  '>i).  fiom  a  inniihfi  of 
snialltM-  l)ottles,  and  two  more  cultures  (T  12  and  T  .*io)  were  addcfj  in  place 
of  T  1!)  and  T  *2()  which  had  been  all  used  up. 

The  e.\])orinients  have  therefori^  been  arranged  in  two  ;^rou|)s  in  accordance 
with  the  l)reak  in  ])rocedure. 

'J'he  ])re])aration  and  dilution  of  the  s(Ma  and  cultures,  and  all  the  readings, 
were  done  by  the  writer;  while  the  measurements  into  agglutination-tubes 
were  mostly  carried  out  by  Miss  J.  Jorgensen  and  Miss  K.  h\  Stubington,  botli 
of  whom  were  thoroughly  familiar  with  the  necessary  techni(|ue,  and  to  whom 
my  thanks  are  due. 

A  single  test  only  of  each  serum  was  made,  in  order  to  obtain  figures 
comparable  with  those  obtainable  in  routine  practice. 

CALCULATIONS. 

In  Tables  I,  II  and  III,  are  presented  the  relative  quantities  of  each  serum 
required  to  give  the  same  degree  of  agglutination  with  each  of  the  suspensions 
used. 

Each  figure  w^as  arrived  at  by  taking  the  middle- term  of  the  three  readings, 
each  of  which  was  previously  reduced  in  proportion  to  the  corresponding  figure 

Table  I. 
Proportional  quantities  of  serum  required  to  give  equal  degrees  of  agglutination. 


Sera 

No. 

S 

uspensions 

A 

Sera 

No. 

Suspensions 

A 

T  18 

T19 

T21 

T26 

T32 

T18 

T  12 

T21 

T32 

T35 

2 

72 

— 

100 

102 

42 

29 

75 

75 

100 

78 

157 

.•i 

<)7 

— 

100 

129 

69 

33 

80 

74 

100 

40 

96 

1) 

7() 

— 

100 

118 

— 

34 

74 

05 

100 

— 

— 

<> 

()2 

— 

100 

90 

— 

35 

70 

00 

loo 

35 

100 

1.3 

<)7 

84 

100 

83 

54 

37 

77 

09 

100 

55 

98 

14 

()(> 

90 

100 

94 

60 

38 

75 

71 

100 

47 

95 

ir. 

74 

100 

100 

100 

43 

39 

09 

09 

loo 

40 

108 

Hi 

()7 

83 

100 

94 

00 

42 

78 

78 

loo 

49 

90 

17 

.IS 

84 

100 

105 

72 

43 

85 

72 

KMJ 

40 

119 

19 

65 

94 

100 

S.3 

oij 

44 

73 

(i7 

loo 

4(> 

UM> 

20 

07 

9.") 

100 

102 

02 

45 

07 

70 

loo 

49 

104 

23 

70 

100 

KM) 

75 

45 

4() 

75 

(i7 

KM) 

65 

123 

26 

70 

10(1 

100 

79 

73 

49 

75 

1  1 

KM) 

50 

123 

27 

(•>4 

103 

100 

7H 

43 

50 

53 

(il 

Kki 

37 

107 

28 

72 

91 

100 

03 

58 

53 

68 

58 

loo 

40 

118 

29 

74 

91 

100 

()5 

55 

50 

OH 

59 

KM) 

41 

112 

.30 

7() 

H3 

1(H) 

77 

51 

57 

1(H» 

74 

loo 

— 

144 

31 

71 

7.") 

KMJ 

70 

52 

— 

— 

— 

— 

— 

— 

:V2 

r..") 

92 

loo 

SO 

42 

— 

— 

— 

— 

— 

— 

Mean 

71-5 

91 

loo 

S3 

50 

71-5 

69 

100 

50 

107  5 

oo o 


3^6 


Aijijlut  I  tint  ion  Tests 


No. 
25 
41 
47 
54 
55 
58 


Table  11.    Incomplete  Tests. 
Relative  serum- quantities. 


No. 

T  18 

T  12 

T21 

'r  20              T  32 

T35 

7 

85 

— 

100 

100                 — 

— 

8 

54 

— 

100 

75                 50 

— 

12 

til 

— 

100 

122                 61 

— 

36 

66 

t)0 

100 

—                 40 

100 

40 

96 

85 

100 

—                 58 

71 

Ratios 

of  above  figures  to  the 

means  of  Table  I. 

No. 

T  18 

T  12 

T21 

T  26              T  32 

T35 

7 

119 

— 

100 

1-21                — 

— 

8 

0-76 

— 

100 

0-90               100 

— 

12 

0-85 

— 

100 

1-47               1-22 

— 

36 

0-92 

0-87 

100 

—                0-80 

0-85 

40 

l-3(i 

1-23 

100 

—                116 

0-66 

NOTES. 

No. 

7.  Incomplete  readings. 

8.  Short  series. 

12.    Short  series.    Haemolysis  in  serum. 
36.    Incomplete  readings. 
40.    Short  series. 

Table  III. 


Aberrant  figures. 


TIB 
83 

341 
90 

120 
68 


T  12 

318 
83 
97 
58 


Cannot  be  stated  in  figures. 


T21 
100 
100 
100 
100 
100 

NOTES. 


T26 
>200 


T32 

200 

545 

71 

99 

49 


No. 
25. 

41. 
47. 
54. 
55. 


T35 
81 

<90 
132 
132 
164 


Old  1916  serum,  containing  unknown  quantity  of  phenol. 

red.    Agglutination  very  imperfect  and  peculiar. 
Centrifuge  accident.    Contamination  +  +. 
Haemoglobin  +  +  in  serum.   (Centrifuge  accident.) 
T  21  bottle  infected;  ?  others  too. 
Haemoglobin  +  +  in  serum. 


Slow  acid  reaction  to  neutral 


for  T  21,  which  was  taken  as  unity.  T  21  was  chosen  as  the  basic-standard  for 
the  series  because  it  was  used  in  every  test.  (T  18  would  have  done  equally 
as  well.) 

At  the  base  of  the  columns  in  Table  VII  is  found  the  mean  of  all  the 
observations  for  each  suspension  in  the  whole  table. 

In  the  few  cases  where  the  short  series  of  tubes  was  used,  the  values  of 
the  readings  have  been  calculated  with  Dreyer's  reduction  table. 
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Tn  takinp^  T  21  as  unity,  it  is  asHurnnd  that  this  culture  p^avfi  always  the 
exactly  true  figure.  Ikit  this  is  of  course  not  the  case,  as  that  suspension  is 
susceptible  of  o\-])ori mental  and  other  uncontrolled  variations  to  tlie  same 
degree  as  the  others.  It  should  be  remend)ered  tlKuefore  that  th(^  actual 
deviations  of  T  2\  from  its  mean  l)ehaviour  with  each  serum  is  algebraically 
suinMHMl  ii)  each  of  the  figures  calculat(Ml  for  the  propoilioimj  divergence  of 
the  otiicr  cultures  from  their  m(^aii  latio  to  T  2 ! . 

In  other  words,  each  ratio  of  a  suspension  to  T  21  ;is  unity  throws  on  to 
the  first  suspension  the  whole  burden  of  erior,  which  should  in  reality  be 
divided  between  the  two.  This  slight  weakness  is  inherent  in  all  standarfi 
methods  of  comparison  in  which  the  standard  itself  has  to  be  measured,  by 
a  method  suscepti])le  of  some  error,  each  time  a  test  object  or  substance  is  to 
be  compared  with  it. 

The  figures  in  Table  IV  are  calculated  thus : 

The  whole  column  (or  columns)  of  figures  in  Table  T  under  the  heading  of 
each  suspension  is  added  up  and  its  arithmetical  mean  is  found  (see  bottom 
of  Table  I).  Each  value  in  the  columns  is  divided  by  the  mean  for  the  suspen- 
sion, and  the  resulting  figures  are  recorded  in  Table  IV.   Tn  theory  each  should 


Table  IV. 

Ratios  of  observati 

ions  to 

their  arithnetical  means. 

Serum 

T  18 

T  19 

T21 

T26 

T32 

Serum 

T  18 

T  12 

r  2 1 

T  32 

T  35 

2 

101 

— 

100 

1-23 

0-84 

29a 

lor, 

1(»9 

1(K) 

1  -56 

1-46 

3 

0-94 

— 

100 

1-56 

1-38 

33 

1-20 

107 

100 

0-80 

0-89 

6 

106 

— 

100 

1-42 

— 

34 

103 

0-94 

100 

— 

— 

9 

0-87 

— 

100 

116 

— 

35 

0-98 

0-S7 

100 

0-70 

0-93 

13 

0-94 

0-92 

100 

100 

108 

37 

1-08 

1  00 

100 

110 

0-91 

14 

0-92 

0-99 

100 

113 

1-20 

38 

105 

103 

1(X) 

0-97 

0-88 

15 

103 

110 

100 

1-20 

0-86 

39 

0-97 

100 

100 

0-80 

100 

16 

0-94 

0-91 

100 

113 

1-20 

42 

109 

113 

100 

0-98 

0-84 

17 

0-81 

0-92 

100 

1-27 

1-44 

43 

119 

104 

100 

0-80 

1  11 

18 

0-91 

103 

100 

100 

110 

44 

102 

0-97 

100 

0-92 

0-99 

20 

0-94 

104 

100 

1-23 

1-24 

45 

0-94 

101 

100 

0-98 

0-97 

23 

0-98 

110 

l-OO 

0-90 

0-90 

46 

105 

0-97 

1-00 

1  -30 

1  14 

26 

110 

110 

1-00 

0-9.") 

1-40 

49 

105 

112 

100 

112 

114 

27 

0-89 

113 

100 

0-94 

0-86 

50 

0-74 

0-88 

100 

0-74 

099 

28 

101 

100 

100 

0-76 

116 

53 

0-95 

0-84 

1-00 

0-80 

11(» 

29 

104 

1-00 

100 

0-78 

110 

56 

0-95 

0-85 

100 

0-82 

l-(»4 

30 

106 

0-91 

100 

0-93 

1-02 

57 

1-40 

107 

100 

— 

1  34 

31 

0-99 

0-82 

100 

0-84 

104 

32 

0-91 

lOl 

100 

0-96 

0-84 

be  unity.  The  percentage  deviations  from  theory  may  be  directly  read  by 
observing  the  difference  between  100  and  each  of  the  figures  deprived  of  its 
decimal  point. 

The  table  may  be  interpreted  thus:  if  each  suspension  gave  results  in  every 
case  in  accordance  with  its  true  degree  of  aggluti liability,  all  the  tigures  in 
this  table  would  be  1-00.    But  a  number  of  unknown  or  uncontrollable  factors 
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introduce  an  error  into  nearly  every  figure.  Each  represents  the  percentage 
divergence  of  the  actual  tindings  from  the  theoretical,  in  comparing  each 
suspension  with  T  21,  which  is  assumed  to  yield  no  error. 

For  example,  since  we  found  in  Table  I  that  in  general  71-5  parts  of  serum 
give  as  high  a  degree  of  agglutination  with  T  18  as  100  parts  do  with  T  21 ; 
this  proportion  should  theoretically  be  found  in  every  case.  But  in  point  of 
fact  there  is  nearly  always  a  greater  or  lesser  divergence  from  this  ratio. 

This  being  so  we  must  proceed  to  determine  whether  these  variations  are 
of  manageable  or  of  unmanageable  proportions;  whether,  in  fact,  they  throw 
credit  or  discredit  upon  the  principle  of  standardisation,  and  the  use  of  a 
reduction-factor. 

It  will  be  useful  to  consider  the  matter  from  a  second  point  of  view. 

In  the  first  place  let  us  consider  what  is  the  average  and  what  the  maximal 
deviation  from  theory  in  these  sets  of  figures.  Analysing  them  we  find  a 
10  per  cent,  or  greater  deviation  in  38  per  cent,  cases;  a  25  per  cent,  or  greater 
in  8-2  per  cent,  cases;  and  a  50  per  cent,  or  more  (each  time  actually  50  per 
cent.)  in  two  cases  or  1-2  per  cent.  In  other  words  nearly  two- thirds  of  observa- 
tions give  less  than  10  per  cent,  deviation;  more  than  nine-tenths  give  less 
than  25  per  cent.,  and  about  ninety- nine  hundredths  give  less  than  50  per 
cent.  The  mean  deviation  is  about  6  per  cent. 

It  is  of  considerable  interest  that  the  older  suspensions  T  12,  T  18  and  T  21 
yield  much  more  consistent  results  than  the  later  ones.  Age  indeed  is  all  to 
their  advantage  as  regards  stability,  but  I  think  that  the  chief  explanation 
lies  in  certain  imperfections  of  the  war-time  materials  with  which  the  later 
suspensions  were  made.  The  two  most  variable  are  T  26  and  T  32,  the  former 
made  with  strain  T.  Lab.  and  the  latter  with  strain  T.  Edwin.  The  notion  of 
"strain-differences"  in  the  usual  sense  finds  support  neither  here  nor  in  any 
other  part  of  these  experiments. 

Since  the  agglutinability-factor  claims  to  be  an  agency  whereby  any 
serum  can  be  brought  to  give  (within  experimental  limits)  the  same  titre  with 
all  suspensions,  a  simple  test  of  its  value  may  now  be  applied. 

If  by  use  of  factors  calculated  from  these  experiments  we  obtain  a  dis- 
tinctly closer  approximation  to  the  ideal  of  identical  titres  than  is  attained 
without  them,  the  value  of  the  factor  is  established. 

On  applying  the  test  to  the  figures  in  Table  I,  we  find  the  results  to  be 
overwhelmingly  in  favour  of  the  factor.  In  Tables  V  and  VI  are  set  out 
figures  for  two  pairs  of  cultures,  viz.  (a)  T  21  with  the  suspension  (T  32)  most 
unlike  it  in  agglutinability,  and  (h)  T  21  with  the  suspension  most  similar  to 
it  (T  19).  The  numbers  represent  the  ratios  of  agglutinability  found  by  com- 
parison of  T  32  or  T  19  with  T  21,  the  latter  always  taken  as  unity. 

In  the  case  of  the  pair  T  21,  T  32  (Table  V)  when  the  figures  are  unreduced 
(col.  1),  the  latter  culture  yields  constantly  a  very  much  higher  titre  than  the 
former,  the  ratio  varying  around  a  mean  of  2  to  1. 

The  second  column  shows  the  percentage  differences  of  the  "titres"  found 
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for  the  pair  of  cultures.  E.(j.  the  number  2-.*J8  means  that  the  titres  were  in 
the  pro])ortion  of  'i.'W  to  100,  i.e.  the  former  titre  exceeds  the  latter  by  138  per 
cent.  The  ])roccsH  is  then  repeated  l)ut  with  the  introduction  of  the  reduction- 
factor,  calculated  from  Table  I  (T  21  ^  1-0,  T  32  2-0).  The  figures  in  the 
first  column  are  simply  divided  by  the  reduction-factor  for  T  32.  In  theory 
the  result  should  Ih*  a  column  of  ones;  in  fa(;t,  it  is  a  column  of  figures 
varying  on  either  side  of  one.  At  the  ])ottom  will  be  found  the  mean  percentage 
differences,  with  and  without  use  of  the  reduction-factor.  Without  it,  the 
mean  is  102  per  cent.;  with  it,  only  17-4  per  cent.    A  method  whereby  titres 


Table  V. 


Titre  found  with  T  32 

Percentage 
difference  of 
the  two  titres 

Titre  found  with  T  32 

Titre  found  with  T21 

(Reduction -factor 

used) 

No.  of 
Scrum 

Titre  found  with  T  21 

(No  reduction-factor 

used) 

Percentage 
difference  of 
the  two  titres 

2 

2-38 

138 

119 

19 

3 

1-45 

45 

0-73 

27 

13 

1-85 

85 

0-93 

7 

14 

1-67 

67 

0-84 

16 

15 

2-33 

133 

117 

17 

16 

1-67 

67 

0-84 

16 

17 

1-39 

39 

0-79 

21 

19 

1-82 

82 

0-91 

9 

20 

1-61 

61 

0-80 

20 

23 

2-22 

122 

111 

11 

26 

1-37 

37 

0-09 

31 

27 

2-33 

133 

117 

17 

28 

1-72 

72 

0-86 

14 

29 

1-82 

82 

0-91 

9 

30 

1-90 

96 

0-98 

2 

31 

1-92 

92 

0-96 

4 

32 

2-38 

138 

119 

19 

29o 

1-28 

28 

0-64 

36 

33 

2-50 

150 

1-25 

25 

35 

2-86 

186 

1-43 

43 

37 

1-82 

82 

0-91 

9 

38 

213 

113 

107 

7 

39 

2-50 

150 

1-25 

25 

42 

204 

104 

102 

2 

43 

2-50 

150 

1-25 

25 

44 

217 

117 

109 

9 

45 

2-04 

104 

102 

2 

46 

1-54 

54 

0-77 

23 

49 

1-78 

78 

0-89 

11 

50 

2-70 

170 

1  35 

35 

53 

2-50 

150 

1-25 

25 

66 

2-44 

144 

1-22 

22 

Mean 

202 

102 

101 

174 

Reduction -factor  improves  figures  in  31  cases. 

Reduction -factor  fails  to  improve  figures  in  one  case  (see  text). 

_,    ,       .       .    ^        it  of  T  32     9-4     .,^ 
Reduction-factor  =  , — Trirrr  =  Tii=^'^' 
A;  of  1  21      4-7 
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Table  VT. 

Titre  found  with  T  19 


Titre  found  with  T  21 

Percentage 

Serum 

(No 

reduction-faotor 

difference  of 

No. 

U8ed) 

the  two  titre? 

13 

119 

19 

14 

Ml 

11 

15 

100 

0 

16 

1-20 

20 

17 

119 

19 

19 

1()«) 

6 

20 

105 

5 

23 

100 

0 

2G 

1-00 

0 

27 

0-97 

3 

28 

110 

10 

29 

110 

10 

30 

1-20 

20 

31 

1-33 

33 

32 

109 

9 

Mean 

111 

11 

Titre  found  with 

T 

19 
21 

Titre  found  with  T 

Percentage 

(Reduction-fac 

•tol 

!• 

difference  of 

used) 

the  two  titres; 

1-08 

8 

101 

1 

0-91 

9 

110 

10 

lOK 

8 

0-97 

3 

O-Of) 

5 

0-91 

9 

0-91 

9 

0-88 

12 

100 

0 

100 

0 

110 

10 

1-21 

21 

0-99 

1 

101 

7 

Reduction-factor  improves  figures  in  67  ^\^  of  cases. 
Reduction-factor  fails  to  improve  figures  in  33  *'„  of  cases. 

are  obtained  within  17  per  cent,  of  identity  is  obviously  preferable  to  one 
which  yields  a  more  than  100  per  cent,  divergence. 

In  all  cases  in  this  table  except  that  of  serum  29a,  there  is  a  closer  approach 
to  the  ideal  identity  of  titre  when  the  reduction-factor  is  used,  than  when  it 
is  not;  and  the  gain  is  usually  very  great.  In  the  case  of  serum  29a  the 
reduction-factor  has  actually  increased  slightly  the  difference  between  the 
two  cultures. 

That  this  occurrence  is  a  technical  error  is  made  almost  certain  by  the 
fact  that  29a  is  the  same  serum  as  29,  under  which  heading  it  showed  the 
usual  large  improvement  of  ratio  on  use  of  the  factor. 

Table  VI  shows  a  similar  series  of  calculations  for  the  pair  of  suspensions 
T  21,  T  19.  Here  the  agglutinabilities  of  the  two  cultures  are  very  close  to 
one  another,  the  relative  agglutinability  factors  being  in  proportion  of  1-0  to 
1-1,  and  therefore  no  large  improvement  could  be  brought  about  by  the  use 
of  the  factor.  Nevertheless,  there  is  a  definite  improvement ;  for  the  divergence 
from  theory  is  diminished  in  more  than  70  per  cent,  of  instances. 

In  the  remaining  27  per  cent,  of  cases  there  is  an  increased  divergence, 
but  never  amounting  to  more  than  9  per  cent. 

Tables  for  the  remaining  suspensions  have  not  been  included,  for  they  all 
show  similar  phenomena.  The  necessary  material  for  calculation  is  all  to  be 
found  in  Table  I,  should  any  reader  care  to  check  this  statement. 

The  deductions  can  be  put  in  another  way : 

1.  If  any  two  cultures  differ  in  agglutinabihty  by  50  per  cent,  or  upwards, 
the  use  of  a  reduction-factor  is  indispensable  for  obtaining  comparable  figures 
(titres  or  units)  with  the  two. 
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2.  If  they  dilTor  by  20  per  cent,  or  then^ibouts,  the  factor  will  be  of 
limited  x-.ihir  for  routine  tests,  though  it  remains  necessary  for  research  in 
(|uantiti\(*  u«,'«^hiti nation- tests. 

.'i.  For  scientific,  work  a  factor  is  always  of  vahie,  liowever  nmch  alike  in 
sensitiveness  the  cultures  be. 

It  may  be  of  interest  to  record  here  what  were  the  factors  officially  given 
to  these  various  8US])ensions  when  they  were  sent  oiif  from  the  Standards 
Laboratory  and  to  what  degree  they  differed  from  the  factors  calculated  from 
this  series  of  experiments. 

It  must  be  explained  that  the  "officiar'  factors  are  obtained  by  calculation 
from  a  minimum  of  six  full  tests  of  cvcmv  new  suspension  against  at  least  two  of 
the  preceding  standardised  sus])ensions.  The  sera  employed  are  artificial  rabbit 
or  goat  sera;  and  freijuently  in  the  past  the  same  serum  was  used  for  whole 
series  of  tests.  Latterly  such  a  procedure  has  fallen  into  disrepute,  owing  to 
the  accumulation  of  evidence  that  individual  sera  may  show  slight  variations 
in  their  relative  actions  on  any  pair  of  cultures  (Topley,  Platts  and  Imrie,  1919). 
This  is  not  due  to  antigenic  differences  of  different  "strains"  of  B.  typhosus 
for  it  occurs  when  sera  and  suspensions  have  all  been  derived  from  the  same 
strain.  An  antigenic  variability  of  the  components  of  any  bacterial  population 
is,  however,  (|uite  a  possible  explanation  and  is  under  investigation  at  the 
present  time. 

The  official  reduction-factors  of  our  seven  suspensions  were  determined 
at  widely  different  times,  and  against  different  standardised  suspensions,  anrl 
it  is  therefore  putting  them  to  a  severe  test  to  make  a  direct  comparison  of 
them  all  with  one  another.  They  are  as  follows : 


f 

rable  VII. 

Factors  found 

Percenta,ge  divergence 

Official 

in  present 

of 

new,  from  official 

Suspensions 

factors 

experiments 

factors 

T  12 

6-3 

6-8 

7-9 

T  18 

5-8 

6-6 

13-8 

T  19 

61 

5-2 

14-8 

T21 

4-7 

4-7 

00 

T26 

0-7 

5-7 

149 

T32 

10-3 

9-4 

8-7 

T35 

41 

4-4 

73 

Mean 

6-3 

61 



This  Table  VII  demonstrates  that: 

(a)  A  redetermination  of  the  factors  from  experiments  done  with  human 
sera  yields  results  differing  in  no  case  by  as  much  as  20  per  cent,  from  the 
original  factors;  and  on  an  average  by  less  than  1(>  jier  cent. 

{b)  The  mean  of  the  new  factors  (G-1)  differs  only  by  3-3  per  cent,  from 
the  mean  of  the  oflicial  ones  (6-3). 

If  we  proceed  to  estimate  the  usefulness  of  the  oflicial  factors  on  the  lines 
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of  Tables  V  and  VI,   comparing  each  suspension   in   turn   with  T21,  and 
determining  what  difterence  is  made  by  the  use  of  tlie  factor,  we  find  that; 
The  factor  for  T  12  improves  the  results  greatly. 

»?  >'  lir>  ,,  J,  J, 

,,        ,,        T  19  makes  the  results  a  little  worse. 
,,        ,,        T  26  improves  the  results  slightly. 
,,        ,,        T  32  ,,  ,,  enormously. 

,,        ,,        T  35  makes  no  difference. 

Some  of  these  factors  were  recalculated,  and  improved,  at  some  interval 
after  they  had  been  fixed  for  official  use  (sometimes  rather  hurriedly  under 
war-pressure).  Such  was  the  case  with  T  19,  whose  factor  was  altered  (for 
standardising  purposes)  to  5-1,  a  figure  which  agrees  closely  with  the  new 
factor  5-2. 

To  the  figures  given  in  this  paper  it  will  perhaps  be  objected  that  a  more 
accurate  method  of  comparison  has  been  employed  than  that  available  in 
routine  work,  and  that  therefore  a  much  greater  margin  of  error  must  be 
allowed  for  such  work. 

No  doubt  that  is  true,  but  in  actual  fact  a  pretty  close  approximation  is 
obtained  by  use  of  short-series  of  tubes,  and  the  reduction-table,  when 
suspensions  are  compared  one  with  another. 

Table  II  contains  the  few  sera  tested  in  this  manner,  and  it  will  be  seen 
that,  though  the  average  deviations  are  considerably  greater  than  those  in 
Table  IV  yet  the  maximum  does  not  reach  50  per  cent. 

Since  in  the  curve-tracing  of  agglutinins  for  diagnosis  (the  only  "clinical" 
operation  requiring  much  precision)  variations  of  100  per  cent,  are  regarded 
as  of  dubious  significance,  and  only  200  per  cent,  or  more  as  of  certain  value 
(Dreyer),  even  a  50  per  cent,  wobble  due  to  a  change  of  suspension  in  the 
middle  of  the  curve  will  not  give  rise  to  errors  of  judgment. 

Nevertheless,  as  recommended  by  Topley,  Platts  and  Imrie  (1919),  it  is 
always  well,  in  such  cases,  for  the  worker  to  do  a  simple  restandardisation 
test  in  parallel  of  the  two  suspensions  with  the  actual  serum  in  use. 

For  this  will  eliminate  all  chance  of  confusion. 

In  conclusion,  attention  is  drawn  to  Table  III,  in  which  I  have  placed  the 
sera  which  gave  results  quite  outside  the  scope  of  expectation. 

The  notes  appended  supply,  in  my  opinion,  sufficient  proof  that  the 
materials  were  unreliable,  and  that  the  figures  cannot  be  included  in  the  main 
experimental  results. 

Serum  No.  58  was  found  to  give  fine  traces  of  flocculation  with  T  32  (the 
worst  culture  of  my  series),  and  also  with  a  living  saHne  suspension  of  B. 
typJiosus,  up  to  a  dilution  of  some  hundreds.  With  two  other  good  suspensions 
it  failed  to  react  at  all.  The  most  probable  explanation  of  this  phenomenon 
seems  to  lie  in  a  chemical  contamination  of  the  serum,  giving  rise  to  a  partial 
clumping  of  some  suspensions;  but  I  could  not  obtain  any  actual  evidence 
that  this  explanation  is  the  true  one. 
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My  best  thanks  are  due  to  tlie  bactei  iol(i/:^ist.s  and  iiioJicttI  oifioers  who 

responded  so  helpfully  to  my  recjuests  for  typhoid  sera.  The  work  was  carried 
out  at  I*iof.  I)!('ver\s  recpiest. 
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THE  DTSTRTBITTTON  OF  MALARIA  IN  SOl^TH  AFRICA 
AND  A  MOSQUITO  SURVEY  OF  MILITARY  HOS- 
PITAL AREAS. 

By  major  J.  PRATT-JOHNSON,  M.C,  D.A.D.M.S.  (Pathology),  S.A.M.C. 

The  following  information  in  regard  to  the  distribution  of  malaria  in  South 
Africa  has  been  compiled  chiefly  from  the  reports  of  Government  Medical 
Officers  and  Health  Officials  who  were  circularised  by  courtesy  of  the  Union 
Public  Health  Department  in  March,  1918,  in  regard  to  the  following  points: 

( 1 )  The  areas  affected  in  each  district. 

(2)  The  type  or  types  of  malaria  existing. 

(3)  The  incidence  of  the  disease,  whether  endemic  or  epidemic;  and 

(4)  The  types  of  anopheline  mosquitoes  identified. 

The  information  available  from  these  sources  indicates  the  necessity  for 
a  considerable  amount  of  further  w^ork  to  provide  a  more  complete  and  accurate 
knowledge  of  the  incidence  of  malaria  in  South  Africa. 

I.   CAPE  PROVINCE. 

Malaria  is  practically  unknown  in  the  Cape  Province.  A  severe  epidemic 
of  malaria  occurred  in  the  Northern  districts  of  the  Cape  Colony,  especially 
along  the  course  of  the  Orange  River  in  the  districts  of  Gordonia  and  Kenhardt 
during  1909,  following  a  period  of  unusually  heavy  rainfall.  At  the  same  time 
the  disease  was  reported  to  be  prevalent  in  Namaqualand  and  even  in  the 
Kalahari,  and  to  a  less  extent  the  districts  of  Vryburg,  Mafeking,  Taungs,  Hay 
and  Barkly  West. 

This  constitutes  the  only  serious  recognised  epidemic  of  malaria  which  has 
been  reported  in  the  Cape  Province,  cases  of  Malaria  in  this  Province  usually 
being  recorded  as  being  imported  from  other  districts. 

Lieut.-Col.  Robertson,  S.A.M.C,  Government  Bacteriologist  for  the  Cape 
Province  states  that : 

The  prevalence  of  malaria  in  Cape  Province  is  certainly  not  marked  as  in  my  20  years 
in  Government  service  I  have  no  record  of  smears  having  been  submitted  from  any  indigenous 
case,  with  the  exception  of  57  from  an  outbreak  of  malaria  in  the  districts  of  Gordonia, 
Kenhardt  and  Upington  after  extensive  flood  in  1909.  I  can  find  no  definite  records  as  to 
the  identification  of  the  mosquitoes  in  this  epidemic  and  no  particulars  to  show  what  was 
the  variety  of  the  malarial  infection,  but  as  far  as  I  can  recollect  some  of  the  slides  showed 
Benign  Tertian  parasites.  No  information  of  any  kind  regarding  the  types  of  mosquitoes 
prevalent  in  this  province  is  available  either  in  this  office  or  in  that  of  the  Government 
Entomologist. 
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Captain  Rniosl  Hill,  M.C,  S.A.M.C  (iM.O.  II..  K;i,sl  Lou. Ion),  states  that: 

h)  n>^iii(l  to  I  lie  iK'i^hliourliood  of  K;i,sl  Lr.iiduii.  I  Ii.hI  ii(»i  prior  fo  mv  K"i"f-'  '»"  milifary 
M{M\  ice  III  the  (11(1  of  MM")  lioinl  of  any  indij^ciioiiH  cihck  of  nialarial  fovcr,  and  ho  far  as 
I  liavo  l)f(Mi  ahlo  to  Icarii  none  have  occurred  .since  that  time,  dcHpite  tlio  fact  that  a  fj^ood 
deal  of  infoctivo  material  has  heon  introduced.  Anof)}ielin}io  are  not  common  in  the  municipal 
area.  I  have  searched  for  Iar\;ic  frerpiontly  and  have  found  only  Mj/Zftrrhynchis  paludift, 
which  1  con,^i(l(M-  to  he  i(h«ntie)d  in  .species  with  A  mnnritianv^s.  On  one  occaHion  \  found 
a  s'mglv  iuMx^ro  of  M i/zorrln/nchus  nalaletm.s  l>ut  di(J  not  locate  the  breeding  place. 

II.    ORANCJh:  KFIKK  STATK. 

The  Medical  Officei*  of  Health  for  the  Free  State  (Major  Targett-Adams, 
S.A.M.C.)  reports  that: 

Of  134  medical  practitioners  approached  with  a  view  to  obtaining  information  as  to 
the  prevalence  of  malaria,  36  doctors  report  that  they  have  met  with  cases  of  malaria  in 
their  practices,  and  tliose  who  give  figures  show  a  r'^r//  rou(/h  estimate  of  some  132  cases; 
of  the  30  medical  practitioners  who  have  reported  to  have  nvxm  cases  of  malaria  during 
their  professional  work  in  the  Orange  Free  State,  24  definitely  state  tliat  the  infection  was 
received  from  places  situated  witlwiit  the  borders  of  the  state,  thus  leaving  12  doctors  who 
are  of  the  opinion  that  the  source  of  malarial  infection  was  }rilhin  our  boundaries,  or  that 
the  -'fons  irigo"  was  open  to  doubt.  Personally,  I  am  of  opinion  that  if  all  the  f.'wjtor8 
and  their  proper  correlation  do  exist  for  malarial  infection  to  take  place  within  this  Province, 
they  are  apparently  present  only  to  a  very  slight  degree,  and  are  mainly,  if  not  entirely, 
confined  to  the  immediate  vicinity  of  rivers,  such  as  the  Vaal,  Vet,  Riet  and  Cale<lon. 

111.    NATAL. 

Suitable  conditions  for  the  breeding  of  malarial  transmitting  anopheles 
appear  to  exist  throughout  a  considerable  area  in  Natal,  especiallv  the  northern 
areas  adjoining  Zululand  and  the  coast  belt.    In  Zululand  malaria  is  endemic. 

The  extensive  epidemic  of  malaria  which  occurred  in  Natal  in  1905 
described  by  Hill  and  Haydon  (x.  1905,  Journ.  Hygiene,  v.  467)  drew  attention 
to  the  presence  of  suitable  conditions  in  Natal  for  the  spread  of  malaria.  The 
increased  incidence  of  malaria  in  Durban  in  the  same  year  was  clearly  re- 
flected in  the  number  of  cases  notified,  as  malaria  had  been  a  compulsory 
notifiable  disease  in  Durban  since  1902. 


Cases  in 

Year 

Durban 

Deaths 

1902-1903 

47 

1 

1903-1904 

73 

1 

1904-1905 

4314 

1« 

Captain  Murison,  S.A.M.C,  M.O.H.  Durban,  reported  that  in  February, 
1905,  malaria  became  an  epidemic  disease  in  Durban.  This  outbreak  of  malaria 
was.  in  the  opinion  of  the  Durban  members  of  the  medical  profession,  the  first 
time,  as  far  as  their  knowledge  goes,  that  this  disease  had  beoFi  of  local  oriirin. 
Had  malaria  existed  in  Durban  at  any  time  during  the  past  30  years  it  could 
not  fail  to  have  been  detected. 
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In  a  report  dated  Sept.  1918,  Captain  Murison,  S.A.M.C.,  states  that: 

Until  the  beginning  of  1918  no  cases  of  malaria  had  been  reported  in  Durban  for  the 
past  ten  years. 

In  December,  1917,  a  number  of  Indians  returned  from  East  Africa  were  temporarily 
accommodated  at  an  Indian  Labour  Depot,  in  Durban.  The  camp  was  situated  in  a  locality 
in  which  stagnant  water  was  abundant  and  anopheline  mosquitoes  had  frequently  been  found 
in  the  area. 

Within  50  yards  of  this  Depot  there  are  a  number  of  buildings  occupied  by  Indians 
employed  in  the  Sanitary  Department,  and  within  100  yards  a  cottage  in  which  two 
European  nurses  resided. 

In  February,  1918,  16  Indians  and  one  nurse  contracted  malaria. 

Six  cases  also  occurred  in  four  houses  in  the  neighbourhood  occupied  by  Europeans 
and  other  cases  also  occurred  in  the  same  part  of  the  town. 

The  parasites  discovered  in  the  blood  of  those  examined  were  of  the  Benign  Tiu'tian 
type,  but  not  more  than  20  per  cent,  of  the  cases  were  so  examined  prior  to  the  administra- 
tion of  quinine.   For  the  past  month  no  fresh  cases  have  been  notified. 

The  mosquitoes  identified  from  the  Indian  Camp  and  its  neighbourhood  were  Pyretophorus 
costalis  and  A.  mauritianiLS. 

A  mosquito  brigade  is  maintained  constantly  by  the  Durban  Corporation,  special 
attention  being  directed  to  those  areas  in  which  malarial  transmitting  anophelines  (com- 
monly Pyrelophorus  costalis)  are  found  from  time  to  time. 

IV.   TRANSVAAL. 

In  the  Transvaal,  malaria  occurs  in  the  eastern  and  northern  portions  and 
is  prevalent  in  what  is  known  as  the  low  veldt,  the  high  veldt  being  generally 
free.    Both  Benign  Tertian  and  Malignant  Subtertian  Malaria  are  found. 

In  regard  to  the  Eastern  Transvaal,  Major  Spencer,  S.A.M.C.,  of  the 
Middelburg  District,  reports  as  follows : 

This  district  is  partly  highveldt  and  partly  lowveldt,  the  latter  somewhat  predominating. 
As  regards  altitude  it  lies  between  4000  feet  or  somewhat  lower  in  parts  of  the  lowveldt, 
and  6000  feet  in  parts  of  the  highveldt.  The  terms  high  and  low  veldt  are,  however,  mis- 
leading as  representing  marked  differences  in  altitude,  for  an  anaeroid  barometer  has  shown 
parts  of  what  is  known  as  the  lowveldt  to  be  as  high  as  many  parts  of  the  highveldt  though 
each  has  its  special  characteristics  apart  from  altitude. 

Shortly  these  characteristics,  which  are  sharply  defined,  are: 
Highveldt: 

More  or  less  Tableland. 

Few,  small  and  sparsely  scattered  streams,  with  dams,   Vleis,  and  Springs  pre- 
dominating. 
Poorly  treed  and  bushed;  vegetation  sparse. 

Subject  to  fresh  breezes  which  blow  for  weeks  at  a  time  with  but  slight  intermissions. 
Climate  temperate  in  summer  with  frosts  of  from  10  to  20  degrees  for  nearly  three 
months  of  the  winter. 

Lowveldt  : 

Sheltered  country  falling  away  from  mountain  ranges,  having  the  appearance  of 
subsidences  and  tracts  of  country  washed  out  by  large  rivers  through  the 
centuries. 
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Well  wjilcrcd  l»y  lai-^r  and  medium  si/cd  rivers,  moslly  nmriinj^  llirmi^lioiit  tho  year, 

summer  juid  \\  infer.    Well  treed.  I)ukIi  off  en  fhje.k  and  ('xti'imive. 
AtniOHplxMc  more  sla^nant  and  e\a|)oraf ion  of  the  carfirH  Hiirfjwic  hIow. 
Climate  almosf  troj)ieal  in  snmmei'.  mild  in  w  inter  witli  few  and  Hlij^lif  froHtH — if  any. 

Vegetation  often  luxuriant. 
The  lowveldt   is  tliiekly  |)()|)ula.f ed   hy  natives,  fiiousands  of  whom  are  eontitnially 

moving  up  to  the  hi^liveldt    to  work,  ciarryin^  with  them  malarial  paroHitx'H 

with  which  they  are  all  hea\  ily  infected. 
Many  lours  of  inspiM-fion  ha\-e  been   made  during  the  ef)idemics  of  malaria  wliieh 

occur  periodically  in  this  district  durinj^  which  the  nujnhers  fomid  to  he  affected 

have   heen   kept   and   end)odie(|    in  reports  to  the   Publico   Health    Department. 

The  estimated  popidation  of  the  |)arfs  visitcid  has  been  Hupplied  by  flic  I'olicc 

in  ehar<:e  of  these  parts. 
Dm'ing  these  toui's  many  scores  of  blood-smears  have  hvA-ii  taken  by  mys«*lf  from 

those  affected  and  forwarded  to  the  Government  Laboratory,  Johannesburg, 

for  examination  and  report. 
The  estimates  and  figures  quoted  an*  founded  upon  these  investigations  anrl  rej)orts. 

(1)  Malaria  occurs  over  the  highvehll  as  well  as  throughout  the  lowveldt  ev(Ty 
summer  when  the  rains  have  set  in,  but  the  incidence  in  the  lowveldt  is  much 
higher. 

(2)  In  ordinary  seasons  Benign  Tertian  Malaria  is  endemic  throughout  the  district 
with  an  incidence  of  10  per  cent,  of  the  population  of  the  high  veldt  and  probably 
30  per  cent,  over  the  lowveldt.  In  unusually  wet  seasons  Malignant  Subtertian 
Malaria  predominates  and  occurs  in  epidemic  form,  with  an  incidence  of  from 
50  per  cent,  to  80  per  cent,  of  the  population  throughout  the  lowveldt.  At  such 
times  this  infection  also  occurs  over  the  highveldt  with  an  incidence  of  2;">  p<T 
cent,  to  30  per  cent.  It  is  certain  from  reports  upon  the  blood-smears  taken 
during  these  epidemics  that  to  some  extent  Benign  Tertian  Malaria  is  fussoeiated 
with  the  MaUgnant  infection.  Small  rings  and  parasites  have  invariably  been 
reported  in  the  blood-smears  of  those  aflfeotcd. 

Northern  Transvaal. 

In  regard  to  the  Zoutpansberg  and  Waterberg  districts,  Dr  Robert  Kay, 
District  Surgeon,  Port  Elizabeth,  reports  as  follows: 

In  1911  I  was  appointed  M.O.  for  Northern  Transvaal  and  had  the  Zoutpansberg  and 
Waterberg  districts  under  my  charge.  I  saw  little  malaria  in  either  of  these  two  districts 
dming  1911  among  the  natives — say  about  200  cases  in  all,  all  of  the  Benign  variety — no 
deaths.  These  cases  occurred  chiefly  to  the  west  of  Zandrivers  Poort— some  40  miles  north- 
west of  Nylstroom,  and  south  of  Warmbaths.  In  1912  there  was  a  considerable  outbreak 
of  malaria  in  Zebedelas  Location  and  along  Olifantsriver,  along  the  Zoutpansberg  and 
Middelberg  borders.  The  varieties  were  of  MaUgnant  type  and  the  mortality  w;us  consider- 
able. The  disease  in  this  outbreak  was  of  an  epidemic  type — out  of  say  (iOOt>  jnales,  about 
200  were  fit  to  walk  in  Zebedehus  Location  before  treatment,  and  my  arrival  on  the  scene — 
this  soimds  rather  high,  but  I  do  not  think  it  is  far  short  of  the  facts  -malaria  was  rather 
rampant  all  over  the  Waterberg  that  year,  but  no  where  as  btvd  as  the  above-mentioned 
areas.  In  1913,  as  soon  as  the  cold  we^vther  commenced,  there  were  further  outbrwiks  in 
the  same  areas — but  not  to  any  extent  so  severe  as  the  previous  year,  the  same  type — 
(Malignant) — I  found  m  bloo<l.  However,  every  year  malaria — chiefly  of  Benign  type — is 
to  be  found  along  the  ditfercnt  rivers  in  these  two  districts.  As  far  as  I  can  recollect  the 
anophclines  responsible  were  Myzomyia. 
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PlETERSBURG  DISTRICT  (NORTHERN  TrANSVAAL). 

In  reporting  on  the  Pietersburg  district  (Northern  Transvaal),  Captain 
P.  A.  Green,  S.A.M.C.,  states: 

(1)  The  whole  of  the  Northern  Transvaal  is  liable  to  outbreaks  of  malarial  infection  to 
a  varying  extent  in  different  areas,  but  I  have  seen  no  area  that  has  not  been  infected  one 
year  or  the  other. 

(2)  Benign  Tertian  occurs  in  what  is  called  the  Middleveldt,  or  area  above  3000  feet, 
but  also  exceptionally  Mahgnant  Subtertian.  In  the  Lowveldt,  the  Benign  and  Malignant 
types  are  about  equally  prevalent. 

(3)  There  is  no  question  that  we  get  every  few  years  a  typical  epidemic  of  Malaria, 
either  spread  over  a  wide  area  or  coiihned  as  1  have  seen  it,  to  one  location  in  a  compara- 
tively small  area. 

Swaziland.   Malaria  is  endemic. 

Basutoland.   Major  Macfarlane,  S.A.M.C,  states: 

After  24  years'  experience  in  Basutoland  I  have  only  seen  a  few  cases  of  malaria  and 
these  were  in  natives  who  had  immigrated  from  Zululand  or  the  Northern  Transvaal. 
I  have  also  seen  a  few  cases  in  ex-poUcemen  who  had  been  serving  in  the  Bechuanalaiid 
Protectorate.  My  own  experience  and  that  of  other  medical  officers  of  the  Basutoland 
Medical  Staff,  is  that  malaria  is  neither  endemic  nor  epidemic  in  that  territory. 

Bechuanaland.   Malaria  is  endemic  along  the  river  beds  in  the  rainy  season. 

Northern  and  Southern  Rhodesia.  Malaria  endemic  and  liable  to  become 
epidemic  during  summer  rains. 

Belgian  Congo.   Dr  Arthur  Pearson,  who  has  practised  in  the  Katanga  for 
nearly  20  years,  reports  as  follows: 

(1)  All  parts  of  the  Katanga  are  affected.  There  is,  however,  more  malarial  infection 
in  the  low  lying  country  north  of  parallel  nine  degrees  than  in  the  mining  districts.  Infection 
in  the  newly  sprung  up  towns  and  villages  lias  been  especially  bad  hitherto  owing  to  in- 
sufficient carrying  out  of  anti-mosquito  work. 

(2)  The  type  of  malaria  is  invariably  Subtertian  Malaria.  One  individual  who  had  been 
living  on  the  east  coast  and  came  to  the  Katanga  for  two  years,  went  on  holiday  to  London 
where  he  had  fever.  I  then  found  Benign  Tertian  parasites.  This  is  the  only  time  I  have 
seen  Benign  Tertian  parasites  in  any  one  from  the  Katanga. 

(3)  Malaria  is  endemic.  During  one  rainy  season  in  Elisabeth ville,  it  appeared  to 
intensify  with  epidemic  character,  but  this  was  due  to  excessive  mosquito  breeding  in  holes 
dug  for  ornamental  trees,  which  were  not  attended  to  nor  filled  up. 

A  MOSQUITO  SURVEY  OF  MILITARY  HOSPITAL  AREAS 

IN  SOUTH  AFRICA.. 

In  view  of  the  number  of  sick  concentrated  in  Military  Hospitals  heavily  in- 
fected with  malarial  parasites  the  question  of  the  presence  or  absence  of  malarial 
transmitting  mosquitoes  in  those  areas  became  a  matter  of  the  first  importance. 

Accordingly  arrangements  were  made  at  each  area  laboratory  for  the 
collection  of  local  mosquitoes  which  were  subsequently  identified  by  Mr  G.  A. 
H.  Bedford,  F.E.S.,  whose  valuable  services  became  available  owing  to  the 
kind  co-operation  of  Sir  Arnold  Theiler,  K.C.M.G.,  Director  of  the  Government 
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No.  of 

Malaria 

Area 

8j)ccimcnH 

tranamittin^ 

[oberts  Heights 

187 

Anophclf's 
coatalis 

Veterinary  Research  Laboratory.  Tlie  niiijorityof  the  mosquitoes  were  collected 
in  the  larval  stapje  and  bred  oul  in  flic  laboratories. 

I II  addition  to  the  niaterial  f<)i\vanl(M|  for  identification  fioni  military 
laboratories,  s])eciinens  were  received  from  iJr  Warren,  Director  of  the  Natal 
Museum  and  l)r  I\Min<Tunv,  Director  of  the  South  African  Museum. 

The  follo\vin<^  list  shows  tlu^  area  in  which  s])ecimens  were  colh^^ted,  the 
number  of  specimens  identified,  and  tiie  classification  of  the  different  species. 

Classification  of  species  identified. 


Non-transmitting 
AnophcloH  HfjiiamoHUH 

,,  mauritianuH 

St<'goniyia  Hiriii)soni 
OcfjJcrofatUH  raf*alIii.H 
Theo})aI(lia  lf)ngiareoiata 
Culo.x  tipuliformiH 
tigrifM's 
,,      fatigariH 

Anophole.s  s^|uamo8U8 
B.  linoatoponniH 
Ochlcrotatus  cahalluH 
Thcohaldia  longiareolata 
Culox  fatigans 

Anopheles  cinereus 

„  niauritianus 

Thcohaldia  longiareolata 
Culex  tipuliformis 

,,      tigripcs 

„      pipiens 

„      fatigana 

,,      salisburien.sis 

Anopheles  niauritianus 
,,  squamosus 

Stegorayia  fasciata 
„  sirapsoni 

Culex  fatigans 


Potchefstroom 


Cape  Town 


102 


1542 


Durban 


Total 


286 


2117 


Only  two  specimens  of  Anopheles  costalis  were  obtained  at  Roberts 
Heights.  The  majority  of  the  specimens  from  the  Cape  Town  area  were  Culex 
fatigans  and  C.  pipiens.  A.  costalis  is  also  found  in  certain  areas  in  Durban,  but 
was  not  found  among  the  mosquitoes  collected  in  the  hospital  area  at  Durban. 

This  paper  is  included  in  a  report  by  the  Director  of  Medical  Services  to 
the  Minister  of  Defence,  Union  of  South  Africa,  on  "Malarial  Research  in 
South  Africa  during  the  War." 

Acknowledgments  are  due  to  Col.  P.  G.  Stock,  C.B.,  C.B.E.,  Director  of 
Medical  Services,  Col.  (J.  H.  Knapp,  D.S.O..  Deputy  Director  of  Mrdical 
Services,  Dr  Arnold,  M.O.H.,  Union  of  South  Africa,  Lt.-Col.  A.  Mitchell, 
Lt.-Col.  Haydon,  Major  Targett  Adams  (Assistant  Medical  Officers  of  Health, 
Union  of  South  Africa),  Lt.-Col.  C.  Porter,  A.D.M.S.,  Defence  Headquarters, 
Majors  Kenneth  Gilchrist,  M.C.,  J.  C.  Venniker  and  D.  Pullon,  and  Captains 
Luke,  Impey  and  Pearson,  S.A.M.C.,  and  the  Government  District  Surgeons, 
without  whose  ready  co-operation  it  would  not  have  been  possible  to  prepare 
these  records. 
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THE  SPREAD  OF  BACTERIAL  INFECTION 

SOME  CHARACTERISTICS  OF  LONG-CONTINUED  EPIDEMICS. 

By  W.  W.  C.  TOPLEY,  M.A.,  M.D.  (Cantab.),  F.R.C.P. 
Director  of  the  Institute  of  Pathology,  Charing  Cross  Hospital. 

(A  Report  to  the  Medical  Research  Council.) 

(With  5  Charts.) 

The  experiments  here  reported  form  the  preliminary  steps  in  an  attempt  to 
investigate  the  laws  which  govern  the  spread  of  bacterial  infection  among  an 
animal  population,  by  observations  carried  out  under  conditions  which  are 
as  far  as  possible  experimentally  controlled. 

For  many  reasons  the  mouse  has  been  selected  as  the  most  convenient 
host-species ;  and  the  preliminary  work  has  been  carried  out  with  B.  Gaertner 
as  the  infecting  agent,  since  a  considerable  experience  has  already  been  gained 
of  infections  due  to  this  organism. 

In  a  series  of  investigations  reported  elsewhere  (i),  batches  of  mice  were 
fed  on  cultures  of  B.  Gaertner'^.  This  organism  was  recovered  from  those 
individuals  which  subsequently  died  or  fell  sick,  and  the  cultures  so  obtained 
were  administered  to  other  batches  of  mice.  This  process  was  repeated  again 
and  again,  and  it  was  found  that  certain  of  the  strains  isolated  showed  a 
greatly  increased  power  of  producing  a  fatal  illness,  when  compared  with  the 
cultures  earlier  employed.  After  further  passage  carried  out  in  the  same  way, 
this  power  decreased  again,  falling  to  its  original  level,  or  even  lower. 

Certain  experiments  were  then  carried  out  to  determine  whether  the  spread 
of  infection  by  contact  showed  features  which  would  indicate  that  such  a 
variation  in  the  character  of  the  parasite  is  an  important  factor  in  the  spread 
of  the  disease.  For  this  purpose  small  epidemics^  were  started  by  placing 
normal  mice  in  contact  with  others  infected  by  feeding,  and  small  numbers 
of  mice  were  subsequently  added  at  irregular  intervals  to  test  the  risk  of 
developing  a  fatal  infection  incurred  by  entrance  to  the  cage  at  any  given 
time.  The  results  seemed  to  indicate  that  those  normal  mice  added  during 

^  This  same  organism  was  referred  to  in  the  earlier  commmiication  as  B.  Danyzs,  but  since 
the  identity  of  the  bacilli  described  under  these  two  names  seems  to  be  well-established,  and  the 
name  B.  Gaertner  has  the  claim  of  priority,  it  seems  better  to  employ  it. 

'  The  word  "epidemic"  has  been  preferred  to  "epizootic"  since  it  is  probable  that  similar 
causes  underlie  such  processes  in  whatever  kind  of  living  beings  they  occur,  and  it  seems  desirable 
to  emphasise  this  similarity. 
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the  early  stages  of  sudi  sinall  (^])i(lemicfi  had  little  chanoe  of  .survival,  wliile 
of  tlioso  which  were  a(hh'<l  (luring  the  later  stages  a  larg(^  part  icmainrnl  alive 
and  a})})arently  well,  although  at  the  time  of  tlicii-  introduction  to  the  cage 
(h\iths  were  still  occuiring. 

These  e.\]ieriincnts  woie  not  caniod  beyond  this  stage.  When  a  sufficient 
innnber  of  deaths  had  occuired  to  deFnonstratc  th(;  undoubted  sjjiead  of 
infection  from  the  mice  originally  fed  to  their  healthy  fellows,  the  addition  of 
normal  mice  was  in  most  cases  stopped,  and  the  sequence  of  events  was  then 
studied  during  the  following  30  days  or  more. 

The  present  investigation  has  been  devoted  to  o])serving  the  efTect  of 
continuing  the  addition  of  normal  mice  to  an  infected  cage  over  a  long  period 
of  time,  and  of  varying  the  mode  of  addition  in  certain  ways. 

GENERAL  TECHNIQUE. 

The  technique  adopted  has  differed  Httle  from  that  described  in  the  com- 
munication referred  to  above.  A  certain  number  of  mice  have  been  fed  on 
cultures  of  B.  Gaertner.  These  animals  have  then  been  transferred  to  a  suitable 
cage,  and  to  this  cage  normal  mice  have  been  subsequently  added.  Each 
mouse  added  has  been  identified  so  that  its  subsequent  fate  could  be  deter- 
mined. Each  mouse  found  dead,  or  killed  when  dying,  has  been  submitted 
to  post-mortem  examination;  except  in  those  cases  in  which  the  dead  mice 
have  been  eaten  by  their  companions,  or  have  been  too  decomposed  to  render 
bacteriological  examination  possible.  The  more  important  naked-eye  changes 
have  been  noted,  and  cultures  have  been  obtained  from  the  spleen,  and  from 
the  heart.  These  have  been  examined  by  plating,  and  testing  sub-cultures  of 
selected  colonies  by  agglutination  against  specific  sera;  and  in  many  cases  by 
complete  fermentation  tests.  As  a  routine  three  colonies  from  each  plate  have 
been  examined,  when  such  plates  yielded  colonies  of  non-lactose-fermenting 
bacilli.  In  many  cases  more  numerous  colonies  have  been  tested.  It  has  been 
found  to  be  of  some  advantage  to  submit  the  primary  heart  cultures  to  direct 
agglutination  tests,  and  this  has  also  been  done  in  the  more  recent  cases. 

There  are  many  points  of  technique  not  mentioned  here,  and  they  have 
been  omitted,  not  because  of  their  slight  importance,  but  because  a  really 
satisfactory  method  has  not  yet  been  worked  out.  It  seems  better  to  reserve 
this  subject  for  a  separate  communication,  in  which  the  difficulties  to  be 
overcome,  and  the  possible  ways  of  dealing  with  them,  may  be  more  fully 
considered.  The  experience  gained  duiing  this  investigation  has  made  it  clear 
that  a  somewhat  elaborate  techni(|ue  must  be  developed  and  scrupulously 
adhered  to  if  the  spread  of  infection  is  to  be  kept  under  experimental  control. 
It  seems  possible  indeed  that  the  risk  of  adventitious  infection  will  always 
have  to  be  faced,  though  disturbances  caused  in  this  way  should  not  escape 
notice,  and  so  lead  to  error. 

The  question  of  the  health  of  the  normal  mice  added  is,  however,  so  funda- 
mental, that  a  brief  statement  must  be  made  of  the  method  adopted  to  limit 
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the  possible  errors  clue  to  this  cause.  Normal  mice  have  been  quarantined  for 
at  least  seven  days,  usually  longer,  before  introduction  to  the  experimental 
cage.  They  have  been  kept  in  batches  of  6  to  18,  and  if  a  death  has  occurred 
in  any  cage,  no  mouse  has  been  added  from  that  cage;  unless  all  tlie  other 
mice  have  remained  well  for  several  weeks  afterwards,  and  a  complete  post- 
mortem examination  of  the  dead  mouse  has  failed  to  yield  evidence  of  any 
known  infection.  When  two  or  more  deaths  have  occurred  in  any  cage  of 
normal  mice  the  remaining  animals  in  that  cage  have  been  destroyed.  Among 
the  particulars  noted  concerning  each  mouse  added  to  the  experimental  cage 
has  been  the  cage  from  which  it  came,  and  the  date  of  transference.  To  each 
cage  of  normal  mice  is  attached  a  card,  stating  the  source  from  which  the 
mice  were  obtained,  the  number  originally  in  the  cage,  and  the  date  on  which 
they  were  brought  into  the  animal  house.  On  this  card  are  recorded  any  deaths 
which  occur  and  the  post-mortem  findings;  also  the  date  on  which  mice  have 
been  transferred  to  the  experimental  cage.  In  this  way  it  has  been  possible 
to  trace  the  history  of  any  mouse  from  the  time  of  its  arrival,  and  in  great 
measure  to  prevent  the  introduction  of  sick  mice  or  their  immediate  contacts 
into  the  experimental  cage.  This  procedure  has  probably  sufficed  to  prevent 
infected  mice  being  introduced  as  normal  animals  without  the  mistake  being 
subsequently  discovered.  It  has  not  sufficed  to  eliminate  such  adventitious 
infection.  The  main  experiment  under  consideration  was  brought  to  a  close 
by  the  appearance  in  the  cage  of  another  unrelated  epidemic  disease. 

EXPERIMENT  1. 

This  experiment  lasted  from  May  21st,  1919,  until  June  11th,  1920,  on  which 
date  it  was  cut  short  by  the  appearance  in  the  cage  of  the  infection  referred  to. 
The  epidemic  started  about  the  middle  of  October,  1919,  and  continued,  in 
the  manner  to  be  described,  until  the  conclusion  of  the  experiment.  The  more 
important  data  are  recorded  in  Chart  I.  The  period,  May  21st  to  September 
17th,  1919,  is  omitted  from  the  chart  to  economise  space.  During  this  time 
there  was  no  indication  of  the  active  spread  of  infection.  47  mice  were  added 
to  the  cage,  14  of  which  had  been  fed  on  broth  cultures  of  B.  Gaertner  (three 
separate  strains),  while  13  deaths  occurred,  mainly  among  the  mice  which 
had  been  infected  by  feeding.  The  sequence  of  events  during  this  period  is 
indicated  in  the  table  appended  to  this  report.  The  chart  is  constructed  as 
follows.  On  the  upper  base-line  is  indicated  the  number  of  mice  added  to  the 
cage  on  each  day.  Each  unshaded  square  corresponds  to  a  single  mouse. 
Immediately  below  this  is  a  curve  indicating  the  total  number  of  mice  in  the 
cage.  Beneath  this  again  is  a  base-line  on  which  are  indicated  the  daily 
deaths,  each  shaded  square  corresponding  to  one  mouse.  The  lowest  curve 
indicates  the  average  survival-time  of  the  mice  added  to  the  cage  on  any 
given  date.  In  constructing  this  curve,  mice  dying  in  less  than  three  days 
after  introduction  to  the  cage  have  been  disregarded;  since,  with  one  exception, 
no  evidence  of  the  infection  in  question  has  been  found  in  the  small  number 


of  mice  dyin^  (lurin^r  tlie  Hrst  two  days  of  their  Hojoiini  in  the  cage.  The 
majority  of  such  (heaths  arc  a])])arcntly  caused  hy  ii^hi'iu^.  In  five  cases, 
where  one  mouse  has  survived  for  a,  ])eiiod  out  of  all  j)ro])ortion  to  the  survival- 
time  of  its  fellows,  it  has  also  been  disregarded  on  the  ground  that  it  |)robably 
possessed  a  ])eculiar  and  individual  immunity. 

The  figures  for  the  survival-times  during  the  second  half  of  May,  1920, 
and  for  the  1 1  days  of  June,  must  be  regarded  as  approximate  only.  At  that 
time  a  new  infection  arose  in  the  cage  and  many  of  these  mice  died  from  this 
disease.  The  fresh  epidemic  arose,  however,  at  a  time  when  an  outbreak  was 
to  be  ex])ected,  and  the  survival-times  are  probably  very  nearly  the  same  as 
those  wdiich  would  have  been  recorded  had  the  original  infection  continued 
its  course. 

During  the  388  days  of  the  experiment,  782  mice  were  added  to  the  cage 
and  728  deaths  were  recorded.  On  the  last  day  included  in  this  record  46 
survivors  were  present  in  the  cage.  There  is  thus  a  deficit  of  eight  mice 
unaccounted  for  in  the  chart.  One  of  these  was  accidentally  killed.  The 
remaining  seven  were  recorded  as  missing  on  varying  dates.  The  explanation 
of  this  is  readily  found  in  the  tendency  of  the  living  mice  to  eat  their  dead 
companions. 

SUMMARY  OF  POST-MORTEM  FINDINGS  AND  BACTERIOLOGICAL  RESULTS. 

It  is  proposed  to  pubhsh  later  a  short  account  of  the  pathology  of  this 
disease  as  it  occurs  in  mice.  It  will  suffice  to  point  out  here,  that  while  very 
definite  changes  are  often  present,  yet  the  bacteriological  results  form  the 
only  trustworthy  criterion.  In  very  many  cases  pure  cultures  of  the  organisms 
concerned  may  be  obtained,  while  the  only  change  observed  post-mortem  is 
a  minimal  enlargement  of  the  spleen  of  no  diagnostic  significance. 

Similarly  the  bacteriological  results  present  many  points  of  interest,  which 
are  being  further  investigated;  but  it  seems  better  to  postpone  the  discussion 
of  them  to  another  occasion  and  to  include  here  only  those  facts  which  are 
necessary  to  demonstrate  the  nature  of  the  infection  studied. 

The  mice  originally  infected  were  fed  on  a  24  hours'  broth  culture  of 
B.  Gaertner.  Two  other  batches  of  mice  were  infected  by  feeding  them  with 
cultures  of  this  organism  and  were  subsequently  added  to  the  cage  during 
the  pre-epidemic  period.  The  strains  employed  for  these  latter  feedings  w^ere 
isolated  from  mice  which  had  themselves  been  fed  on  the  original  strain.  All 
these  strains  were  identical  as  regards  their  fermentation  and  serological 
reactions.  Among  the  mice  which  died  during  the  earlier  stages  of  the  ej)idemic 
many  yielded  pure  cultures,  not  of  B.  Gaertner,  but  of  an  organism  indis- 
tinguishable from  it  in  its  fermentation  reactions,  while  failing  to  agglutinate 
with  a  high  titre  Gaertner  serum.  Subsequent  examination  uf  this  organism 
has  placed  it  in  the  "Sui])estifer"  group,  using  this  term  in  its  wide  sense. 
It  shows  very  close  serological  relationship  to  several  strains  of  B.  suipestifer 
(Mutton).  As  the  epidemic  progressed,  strains  of  B.  Gaertner  or  of  this  organism 
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were  obtained  from  the  great  majority  of  dead  mice  examined.  Some  mice 
yielded  pure  cultures  of  B.  Gaertner,  others  pure  cultures  of  B.  surpesflfer. 
Very  frequently  both  organisms  were  obtained  from  the  same  mouse.  A  study 
of  the  table  appended  to  this  report  will  show  that  it  is  impossible  to  separate 
the  deaths  due  to  one  organism  from  those  due  to  the  other,  even  could  we 
decide  where  to  place  those  mice  which  were  doubly  infected.  The  question  of 
the  relationship  of  these  organisms  is  being  further  studied,  but  for  present 
purposes  the  epidemic  must  be  considered  as  a  homogeneous  infection.  The 
isolation  of  B.  suipestifer  from  mice  experimentally  infected  with  B.  Gaertner 
has  been  reported  by  many  observers,  and  has  been  amply  confirmed  in  the 
epidemic  under  consideration,  in  others  to  be  referred  to  later,  and  in  a  series 
of  control  feeding  experiments. 

Briefly,  728  deaths  were  recorded  during  the  course  of  the  main  experi- 
ment. Of  these,  14  followed  direct  infection  by  feeding.  Of  the  714  mice 
which  were  infected  by  contact,  152  were  not  examined  post-mortem,  in  most 
cases  because  they  had  been  partially  or  completely  eaten  by  their  companions ; 
from  228  mice,  cultures  of  B.  Gaertner  alone  were  obtained;  from  137,  B. 
suipestifer  alone  was  isolated;  from  130,  cultures  of  both  organisms  were 
obtained;  while  the  remaining  67  mice  gave  negative  bacteriological  results. 
In  those  cases  in  which  B.  Gaertner  or  B.  suipestifer  were  obtained,  they  were 
in  almost  all  instances  apparently  unmixed  with  other  organisms.  The 
bacteriological  results  in  the  case  of  each  mouse  are  indicated  in  the  table  at 
the  end  of  this  report. 

General  Results. 

The  whole  experiment  may  be  divided  roughly  into  four  periods.  The  first 
extends  from  May  21st,  1919,  to  September,  17th,  1919,  and  has  been  referred 
to  already.  From  September  18th,  1919,  and  onwards,  only  normal  mice  were 
added  to  the  cage.  From  this  date  until  January  5th,  1920,  the  mice  were 
added  in  such  a  way  as  to  keep  the  total  number  in  the  cage  roughly  constant. 
Clearly,  to  add  on  each  day  exactly  the  number  of  mice  found  dead  might 
lead  to  a  chance  arrangement,  in  time,  of  the  earlier  deaths  becoming 
perpetuated  in  those  occurring  later,  so  that  the  form  of  the  chart  of  mortahty 
might  come  to  be  only  a  reflection  of  the  method  of  addition  of  normal  mice. 
While  this  was  certainly  not  the  case  it  is  doubtful  whether  this  disturbing 
factor  w^as  altogether  avoided.  From  January  6th  to  April  27th,  1920,  three 
normal  mice  were  added  each  day,  except  on  two  occasions  when  none  was 
added.  The  number  of  mice  in  the  cage  during  this  period  varied  from  day  to 
day,  reaching  a  maximum  immediately  before  each  considerable  wave  of 
mortality,  and  falling  to  a  minimum  just  before  its  cessation.  During  the  final 
period  from  April  28th  to  June  11th,  1920,  two  normal  mice  were  added  daily 
instead  of  three.  In  considering  the  three  stages  of  the  actual  epidemic  it  will 
be  most  convenient  to  deal  with  the  last  period  first,  and  to  join  with  it  the 
last  25  days  of  the  second  epidemic  period;  for  during  this  time  the  features 
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whicli  arc  of  most  interest,  and  which  can  also  he  traccMJ  in  the  preceding 
stages,  are  more  strongly  marked  and  henc^e  more  readily  studied.  The  course 
of  events  during  the  period  in  ((uestion,  April  3rd  to  June  3rd,  1920,  inclusive, 
is  recorded  in  Chart  II,  which  is  constructed  on  the  same  plan  as  Chart  I  with 
certain  additions. 

A  study  of  this  chart  shows  several  striking  facts.    Although  the  normal 
mice   were   added    regularly,   the   deaths   neither  occurred   with   the   same 


MICE    ADDED. 


3APRIL     13 
TOTAL     NUMBER 


BfflunHHffliBini 


IE 


23  1  MAY 

IN      CAGE . 


13 


23 


1  JUNE 


40 


20 


DEATHS 


ftL^rpliTrftt^. 


^    n    R-i  m 


40rAVERAGE       SURVIVAL    TIME 


if) 

^20 
Q 


3APRIL  13 


23 


1  MAY 
Qiart  IT. 


13 


23 


1  JUNE 


regularity,  nor  haphazard,  but  fell  into  two  main  groups,  within  which  the 
daily  deaths  rose  to  a  maximum  and  then  fell  again.  Relatively  few  deaths 
took  place  in  the  intervening  period. 

If  we  now  compare  the  distribution  of  deaths  with  the  curve  showing  tlie 
total  mouse  population  exposed  to  risk  of  infection,  and  with  that  showing  the 
variation  in  the  average  survival-time  of  the  mice  added  from  day  to  day, 
certain  features  present  themselves  for  consideration. 

The  curve,  showing  the  total  cage-population,  falls  during  the  latter  part 
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of  the  rise,  and  during  the  crest  of  the  wave  of  mortahty,  reaching  a  minimum 
at  a  point  shghtly  preceding  the  complete  subsidence  of  the  wave.  It  then 
rises  again,  reaching  a  maximum  at  a  point  just  subsequent  to  the  commence- 
ment of  a  new  wave  and  again  passes  through  the  same  phases.  The  curve 
showing  the  average  survival-time  shows  corresponding  fluctuations,  but  its 
maxima  correspond  to  the  minima  of  the  cage-population  curve,  and  vice 
versa.  The  average  survival-time  of  normal  mice  introduced  into  the  cage  is 
at  a  minimum  during  the  earlier  stages  of  the  rise  of  the  wave,  and  at  a  maximum 
at  a  point  subsequent  to  its  crest  but  preceding  its  entire  subsidence.  Given 
the  fact  that  the  deaths,  under  such  circumstances,  occur  in  waves,  it  is  clear 
that  these  results  will  follow  in  some  measure;  but  it  is  worth  while  to  follow 
a  little  more  closely  what  actually  occurs. 

For  this  purpose  two  groups  of  mice  have  been  selected  which  were  added 
during  the  first  of  the  two  waves.  The  first  group  consists  of  18  mice,  which 
were  added  between  April  5th  and  10th  inclusive,  during  the  rise  of  the 
wave  and  when  the  average  survival-time,  as  indicated  by  the  lower  curve, 
was  at  or  near  its  minimum.  These  mice  are  distinguished  among  the  squares 
showing  the  daily  additions  by  marking  them  with  a  diagonal  line.  Their 
deaths  are  indicated  in  the  mortality  chart  by  marking  the  corresponding 
squares  with  a  similar  diagonal.  The  18  mice,  forming  the  second  group,  were 
added  between  April  14th  and  19th,  at  a  time  when  the  wave  was  subsiding, 
and  when  the  survival-time  of  the  added  mice  was  at  or  near  its  maximum. 
The  addition  and  death  of  these  mice  are  indicated  in  a  similar  way  to  that 
employed  for  the  first  group,  a  dot  being  substituted  for  the  diagonal. 

Tracing  the  deaths  of  these  two  groups  of  mice  on  the  mortality  chart,  we 
find  that  all  of  those  added  during  the  rise  of  the  wave  died  during  its  crest 
or  subsidence.  In  this  period  only  four  deaths  occurred  among  those  mice 
which  were  added  on  later  dates.  Of  the  mice  added  during  the  second  period, 
none  died  during  this  time,  although  the  number  of  days  which  elapsed  would 
have  sufficed  to  allow  for  the  death  of  a  considerable  proportion  of  them, 
judging  from  the  average  survival- time  estimated  for  the  whole  period  of  th^ 
experiment.  Seven  of  these  18  mice  succumbed  during  the  inter-epidemic 
period,  but  the  remaining  11  did  not  die  until  the  subsequent  wave  was  well 
under  way,  and  five  of  the  1 1  survived  until  the  crest  of  this  wave  was  passed. 
Before  these  11  mice  succumbed,  43  others,  added  at  later  dates,  had  met  their 
death. 

It  will  be  well,  at  this  point,  carefully  to  consider  the  real  nature  of  the 
facts  with  which  we  are  dealing.  It  must  be  constantly  remembered  that  we 
are  concerned  with  a  curve  of  mortality  and  not  of  morbidity.  Were  it  possible 
to  make  an  early  diagnosis  of  this  type  of  infection  in  living  mice,  our  curve 
would  clearly  be  displaced  towards  the  left.  It  is  hard  to  say  what  meaning 
should  be  attached  to  the  figure  expressing  the  average  survival-time.  It  is 
not  a  measure  of  the  infectivity  of  the  cage-population;  for  concerning  mild 
infections  with  a  favourable  termination  our  results  yield  no  information. 
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Nor  is  it  a  inojisuic;  of  the.  risk  of  (Icatli;  for  this  ex])oriinont  tells  us  nothing 
of  what  the  risk  of  (loath  would  be  to  the  iiiiee  added  at  any  moment,  were 
the  addition  of  noniial  inicc  immediately  discontinued.  It  would  seem  to 
indicate,  in  some  degree,  the  risk  of  contracting  a  Hevere  and  rapidly  fatal 
infection:  ])ut  the  factors  involved  are  too  complex  and  too  uncertain  to  allow 
of  any  descriptive  term  being  em])l()yed,  which  would  do  other  than  confuse 
the  points  at  issue.  It  seems  better  to  record  the  survival- times  as  such,  with 
the  reminder  that  we  know  little  of  their  meaning. 

If  now  we  turn  to  tlie  earlier  stages  of  the  e.xpeiiment  we  find  tlie  same 
general  features  dis])layed,  but  less  strikingly,  because  the  waves  of  mortahty 
are  no  longer  distributed  in  well-marked  and  relatively  isolated  groups,  so 
that  the  end  of  one  wave  tends  to  overlap  the  commencement  of  the  next. 
It  is  clear,  however,  that  during  the  whole  of  the  period  over  which  the  mice 
were  added  regularly  to  the  cage,  the  deaths  were  neither  distributed  with  the 
same  regularity  nor  did  they  occur  entirely  without  order;  but  showed,  though 
less  clearly,  a  distribution  into  groups,  conforming  with  varying  distinctness 
to  the  typical  wave-form  with  its  rise,  crest  and  subsidence. 

The  same  features  are  seen  when  we  go  further  back  to  the  period  during 
which  the  normal  mice  were  added  in  such  a  way  as  to  keep  the  total  number 
in  the  cage  relatively  constant.  Here  it  is  difficult  to  be  certain  that  the 
distribution  of  deaths  is  not  in  some  degree  the  reflection  of  the  irregular 
method  of  introduction  of  susceptible  mice.  The  well-marked  maxima  on 
December  16th  and  December  24th  may  have  been  largely  due  to  this  cause. 

The  fluctuations  in  the  cage-population  curve  have  already  been  con- 
sidered for  the  period  April  to  June,  1920,  and  the  relation  of  their  maxima 
and  minima  to  the  corresponding  points  on  the  mortality  curve,  and  on  the 
curve  showing  survival- time,  has  been  referred  to.  If  we  now  trace  this  curve 
backwards  a  very  striking  feature  at  once  becomes  apparent.  As  far  back 
as  the  beginning  of  January,  1920,  the  same  fluctuations  are  continued,  and 
they  show  the  same  periodicity.  Taking  the  whole  period  January  to  June  there 
^re  four  and  a  half  such  fluctuations.  The  curve  shows  five  minima  and  four 
maxima,  the  fifth  maximal  point  not  being  definitely  indicated.  The  period  of 
each  complete  fluctuation  is  about  40  days.  During  the  period  April  to  June 
the  two  fluctuations  in  the  cage-population  curve  correspond  to  two  definite 
waves  in  the  mortahty  curve.  In  the  period  January  to  April  the  deaths  are 
more  evenly  spaced,  and  do  not  form  two  w^ell-marked  groups;  yet  the  same 
periodic  fluctuation  in  the  cage-population  curve  continues,  and  a  closer  study 
of  the  mortahty  curve  indicates  that  the  smaller  groups  of  deaths,  of  which 
it  is  composed,  fall  into  two  large  groups,  whose  maximal  and  minimal  points 
bear  the  same  relation  to  the  corres]){)nding  points  on  the  cage-population 
curve,  as  do  the  better  marked  maxima  and  minima  of  the  last  two  waves  of 
mortahty.  In  the  case  of  the  period  April  to  June,  it  has  been  seen  that 
minimal  cage-population  corresponds  wath  maximal  survival-time  of  the 
normal  mice  added  to  the  cage.    In  this  respect  again,  the  three  curves  show 
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the  same  relationship  during  the  period  January  to  April,  when  the  curves  of 
mortaUty  and  of  survival-time  are  less  distinctive.  There  is  thus  a  strong 
suggestion  that  some  regularly  repeated  cycle  of  events,  with  a  periodicity 
of  about  40  days,  underlies  the  phenomena  observed. 

A  difference  in  the  general  form  of  the  cage-population  curve  may  be 
noted  according  as  the  deaths  occur  in  large  isolated  groups  or  are  more  evenly 
distributed  in  time.  In  the  former  case  the  epidemic  wave  causes  a  rapid 
decrease  in  the  cage-population,  which  slowly  rises  again  to  its  maximum 
during  the  period  intervening  between  this  wave  and  the  next.  The  minimal 
point  in  such  a  case  occurs  not  long  after  the  maximum,  and  the  descent 
towards  it  is  steep,  while  the  ascent  to  the  next  maximal  point  is  relatively 
slow%  and  the  distance,  separating  the  minimum  from  the  maximal  point 
which  follows  it,  is  considerably  greater  than  that  separating  it  from  the 
preceding  maximum.  When  the  deaths  occur  in  smaller  and  more  evenly 
distributed  groups,  the  fluctuations  in  the  cage-population  curve  are  less  wide, 
and  the  minimal  points  tend  to  lie  approximately  midway  between  the 
neighbouring  maxima. 

If  we  trace  this  curve  still  further  back,  we  are  unable  to  follow  its  fluctua- 
tions, since,  during  the  period  October,  1919,  to  January,  1920,  the  normal 
mice  w^ere  added  in  such  a  way  as  to  keep  the  cage-population  relatively 
constant.  A  very  instructive  point  may,  however,  be  noted.  If  the  process 
during  this  period  was  essentially  the  same  as  during  the  subsequent  six 
months,  it  might  be  expected  that  more  mice  would  have  to  be  added  on  those 
dates  which  would  correspond  to  the  minimal  points  in  the  cage-population 
curve  during  the  later  stages.  An  examination  of  the  upper  hne  of  the  chart, 
showing  the  addition  of  normal  mice,  indicates  that  such  was  the  case,  though 
the  manner  in  which  mice  were  added  excludes  any  accurate  determination 
on  this  point. 

The  forced  termination  of  this  experiment  did  not  allow  of  any  conclusion 
being  arrived  at,  as  to  the  possible  relationship  between  this  periodic  fluctua- 
tion of  the  total  cage-population  and  the  rate  at  which  normal  mice  werp 
added,  though  such  seems  highly  probable.  During  the  earUer  stage,  when 
mice  were  added  in  such  a  way  as  to  keep  the  cage-population  relatively 
constant,  the  average  daily  additions  were  2-83.  During  the  next  period  three 
mice  were  added  daily,  except  on  two  days  when  none  was  added,  the  average 
daily  additions  for  the  113  days  being  thus  2-95.  During  the  last  45  days  of 
the  experiment  the  daily  additions  were  decreased  to  two,  but  the  experiment 
closed  before  one  could  expect  the  appearance  of  any  variation  in  the  periodicity 
which  might  have  followed  this  change  in  the  rate  of  addition.  This  point 
therefore  has  still  to  be  examined. 
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II  the  icsults  of  this  (*\ pciiinciil ,  and  ol  those  j)i«'vioiisly  rc'.ported,  be 
coiisidcicd  locrothor,  it  is  dillicult  to  avoid  one  very  iinj)oitant  conrluHioii. 
Ill  Ihe  |)r(\s(Mil  study  it  has  been  shown  that,  if  normal  mice  are  ad(b'<l  from 
day  to  day  to  an  infected  ])o|)ulatioii  they  will  all  eventually  Huccumb,  pro- 
\  id(vl  that  further  normal  mice  are  added  at  a  certain  rate.  Tlie  [)eriod  of 
survival  of  any  given  batch  of  mice  will  vary  according  to  the  time  at  which 
they  are  introduced  to  tlie  cage.  If  their  entrance  coincides  with  the  early 
part  of  the  rise  of  an  epidemic  wave,  as  judged  by  a  mortality  curve,  their 
survival  will  be  short.  If  they  are  introduced  during  the  latter  part  of  tlie 
decline  of  such  a  wave  they  will  live,  on  the  average,  much  longer,  longer 
indeed  than  mice  subsequently  added  to  the  cage. 

In  an  earlier  series  of  experiments  it  was  found  that  normal  mice,  intro- 
duced among  an  infected  population  during  this  latter  period,  seemed  in  many 
cases  to  survive  indefinitely,  and  without  showing  any  observable  departure 
from  their  normal  condition.  Should  both  these  findings  be  confirmed  it  is 
clear  that,  among  a  population  exposed  to  an  epidemic  infection,  there  will 
usually  be  a  certain  proportion  who  will,  if  the  community  concerned  be  living  a 
relatively  isolated  existence,  survive  indefinitely.  If,  however,  fresh  susceptibles 
mingle  with  this  surviving  population  in  any  considerable  number  the  epidemic 
will  break  out  afresh,  and  among  the  victims  will  be  those  individuals  who  have 
passed  through  the  earlier  epidemic  wave. 

There  is,  however,  a  very  important  difference  between  the  earher  experi- 
ments and  that  dealt  with  in  the  present  report.  In  the  former  the  addition 
of  normal  mice  was  in  all  cases  stopped  after  a  comparatively  small  number 
of  deaths  had  occurred,  as  the  result  of  contact  infection.  In  the  present 
instance  the  process  has  been  continued  over  a  long  period  of  time,  and  hence 
the  virus  has  been  given  every  opportunity  of  acquiring  its  maximal  degree 
of  infectivity  and  of  virulence.  The  two  series  are  therefore  not  strictly 
comparable.  In  order  to  study  more  fully  the  actual  effect  of  the  addition 
of  normal  mice  on  the  survival  of  those  previously  introduced  to  the  cage, 
two  further  epidemics  were  started,  by  feeding  three  normal  mice  in  each 
case  w^ith  a  culture  of  B.  Gaertner,  and  thereafter  adding  three  normal  mice 
daily  to  each  of  the  two  cages.  When  the  mortality  curve,  combined  with  the 
bacteriological  results,  showed  an  epidemic  of  the  desired  type  to  be  well 
under  way,  the  additions  were  stopped  and  the  subse(|uent  course  of  events 
observed.  In  this  way  conditions  were  obtained  strictly  comparable  to  those 
existing  in  the  main  experiment  during  the  time  when  three  normal  mice 
were  added  daily. 

The  course  of  events  is  shown  in  Charts  III  and  1\'.  The  additions,  deaths 
and  survival-times  are  indicated  as  in  Charts  I  and  II.  The  shaded  squares, 
among  those  which  show  the  added  mice,  correspond  to  animals  which  sur- 
vived beyond  the  time-limits  of  the  experiment.    Similarly,  the  arrow  above 
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the  corresponding  points  on  the  curve  of  survival-times  indicates  that  the 
actual  average  value  would  have  been  higher  had  the  experiment  been  con- 
tinued longer.   Certain  points  in  connection  with  these  charts  will  be  referred 
to  again,  but  the  significant  results  as  regards  the  effect  of  stopping  the. 
addition  of  normal  mice  are  set  out  in  Chart  V. 

In  this  chart,  five  dates  have  been  selected  during  the  period  of  the  main 
experiment  when  three  daily  additions  were  made.  They  correspond  to  different 
phases  of  the  epidemic,  and  together  cover  the  whole  of  the  period  concerned. 
The  deaths  of  those  mice  which  were  alive  in  the  cage  on  the  dates  selected 
have  been  traced,  and  the  percentage  of  these  mice  surviving  on  each  subsequent 
day  is  indicated  on  the  chart.  Curves  A  to  E  have  been  plotted  in  this  way. 
Curves  F  and  G  indicate,  in  exactly  the  same  manner,  the  rate  of  death  of 
the  survivors  in  the  two  later  experiments  after  the  addition  of  normal  mice 
had  been  stopped. 

The  results  are  quite  definite.  Taking  the  five  curves  A  to  E,  the  survivors 
had  fallen  to  below  5  per  cent,  at  points  varying  from  the  15th  to  the  28th 
day.  The  actual  number  of  survivors  on  these  dates  was  two  in  the  case  of 
curve  C,  and  one  in  each  of  the  others.  The  fact  that  the  curves  do  not  reach 
the  zero  line  is  due  to  two  mice  which  survived  for  a  period  out  of  all  propor- 
tion to  the  fife  of  their  companions. 

Taking  the  two  curves,  F  and  G,  constructed  from  the  experiments  in 
which  no  further  mice  were  added  after  the  day  on  which  these  observations 
started,  it  will  be  seen  that  there  is  nothing  distinctive  in  their  course  during 
the  first  ten  days.  From  thence  onward,  however,  the  percentages  of  survivors 
in  these  two  cages  are  markedly  in  excess  of  those  in  the  cage  to  which  normal 
mice  were  being  added.  Thus  on  the  15th  day  the  average  figure  taken  from 
curves  F  and  G  is  47  per  cent.,  from  curves  A  to  E  13-4  per  cent.  On  the 
30th  day,  when  curves  A  to  E  had  been  discontinued,  and  when  there  was  in 
this  cage  only  one  survivor,  representing  less  than  5  per  cent,  of  the  initial 
population,  38  per  cent,  of  the  mice  were  still  alive  in  the  experiment  from 
which  curve  G  was  constructed,  and  20  per  cent,  of  those  referred  to  by  curve  F. 
On  the  60th  day  the  percentages  in  these  cages  were  14-5  per  cent,  and  7  per 
cent,  respectively,  and  deaths  had  practically  ceased  to  occur. 

It  is  clear,  then,  that  an  epidemic  of  this  kind,  which  has  been  allowed  to 
develop  to  its  full  tide,  even  if  no  further  additions  be  made  to  the  susceptible 
population,  will  lead  eventually  to  the  death  of  the  great  majority  of  the 
individuals  exposed  to  risk,  but  a  certain  proportion  will  survive.  It  is 
equally  clear  that  the  rate  of  extinction  of  the  surviving  population  will  be 
very  much  greater  if  more  susceptible  individuals  be  introduced,  and  that 
under  these  circumstances  complete  extinction  of  the  original  survivors  will 
ultimately  result. 

One  other  point  must  be  noted  in  comparing  these  results  with  those 
obtained  in  earlier  experiments  in  which  the  total  population  exposed  to  risk 
was  very  much  smaller.   In  these  cases  the  survivors  under  observation  were 
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relatively  very  few.  In  the  two  experiments  recorded  in  Charts  III  and  IV, 
the  surviving  population,  at  the  time  when  the  addition  of  normal  mice  was 
stopped,  numbered  in  one  case  118  and  in  the  other  84;  so  that  there  was 
ample  opportunity  for  further  passage  of  the  parasite  to  and  fro,  from  host 
to  host.  What  the  result  would  be  of  taking  a  population  exposed  to  the 
same  risk  and  segregating  them  in  small  groups  is  a  problem  that  has  still  to 
be  answered. 

One  other  point  in  connection  with  these  experiments  deserves  attention. 
An  examination  of  Charts  III  and  IV  shows  that,  while  the  mortality  curve 
as  a  whole  rises  and  falls,  yet  this  large  group  of  deaths  is  clearly  subdivided 
into  smaller  groups  showing  definite  maximal  points,  and  that  this  character 
is  as  well  marked  after  the  addition  of  normal  mice  has  ceased  as  in  the 
earher  stages.  The  maxima  in  Chart  III  occur  with  a  suggestive  regularity, 
and  though  Chart  IV  is  less  regular  in  this  respect  they  both  suggest  that  the 
deaths  tend  to  occur  in  small  groups,  rising  to  a  maximum  and  falling  again 
in  a  period  of  some  five  to  ten  days.  Successive  groups  vary  in  size  in  such  a 
way  as  to  form  a  mortality  curve  showing  a  fluctuation  with  a  much  longer 
period.  The  maximal  points  in  the  curve  of  survival-time,  and  the  distribution 
among  the  added  mice  of  those  which  ultimately  survived,  suggest  as  strongly 
that  some  fluctuating  process  with  a  relatively  short  period  is  concerned  with 
the  course  of  events,  though  here  Chart  IV  is  more  striking  than  Chart  III. 
It  will  be  noted  too  that  if  the  curve  of  survival-time  is  to  be  trusted  this 
fluctuating  process  is  in  evidence  in  the  pre-epidemic  period.  In  Chart  I, 
referring  to  the  main  experiment,  it  was  noted  that  the  mortality  curve  showed 
this  same  peculiarity,  and  that,  while  the  cage-population  curve  showed  a 
fluctuation  with  a  period  of  some  40  days,  the  large  groups  of  deaths,  corre- 
sponding to  the  phases  of  this  curve,  were  subdivided  into  smaller  groups. 
Further  reference  to  this  chart  shows  that  these  smaller  groups  exhibit  a 
striking  resemblance  in  their  general  arrangement  and  in  the  interval  between 
their  maximal  points  to  those  observed  in  Charts  III  and  IV. 

If  we  try  to  account  for  the  long  survival  of  certain  of  the  mice,  and  for 
the  indefinite  prolongation  of  life  in  some  cases,  it  is  hardly  possible  to  believe 
that  the  latter  have  completely  escaped  infection,  or  that  the  former  were 
only  infected  shortly  before  the  fatal  issue.  It  seems  far  more  probable  that 
these  long-lived  individuals  owed  their  survival  to  the  fact  that,  at  the  time 
they  were  added  to  the  cage,  the  chances  were  in  favour  of  their  acquiring 
a  relatively  light  infection,  which  increased  their  resistance  to  subsequent 
attacks  of  the  parasite.  It  is  difficult  to  account  in  any  other  way  for  the 
prolonged  survival  of  certain  of  the  mice  added  during  the  pre-epidemic 
period  in  the  experiments  recorded  in  Charts  III  and  IV. 
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THE  CONDITION  OF   I'HK  SURVrVORS. 

The  actual  condition  of  tlic  individuals  wliicli  remain  as  the  survivors  of 
a  considerable  epidemic  is  a  point  of  ol)vious  interest.  The  epidemic  recorded 
in  Chart  I  \'  was  orij^inally  started  hy  feeding  three  mi(;e  upon  a  culture  of 
B.  (iaertner,  l)ut,  from  the  start,  li.  sitipestifer  was  isolatc^l  from  the  p;reat 
majority  of  the  mice  which  died,  while  H.  (iacrbier  was  but  rarely  recovered. 
On  the  day  when  the  last  batch  of  normal  mice  was  added  to  this  cage  its 
p()])ulation  numbered  118.  77  days  later  there  were  15  survivors.  All  of  these 
ap])eared  in  perfect  health.  These  15  mice  were  killed  and  examined  post- 
mortem, cultures  being  obtained  from  the  heart,  spleen  and  liver  in  each  case. 
The  small  portion  of  liver  removed  included  the  gall-bladder.  The  results  are 
given  in  Table  I,  together  with  the  more  important  details  in  the  history  of 
the  mice  concerned. 

Table  I. 

Showing  P.-M.  Findings  in  Apparently  Healthy  Survivors  from 
Experiment  III  (see  Chart  IV). 


Batch 
number 
of  mouse 

Days 

in 
cage 

Condition 

of 

spleen* 

Results 

of  cultures  fromf 

A 

Heart 

Spleen                 ] 

> 

Liver 

16 

125 

+ 

0 

S 

0 

17 

27 
28 

124 
114 
113 

+ 
+ 
+ 

0 
0 
0 

S 
0 
0 

St 

0 

0 

29 

112 

+  - 

0 

0 

0 

37 

104 

+ 

0 

s 

s 

39 

102 

+ 

0 

s 

s 

39 
49 

102 
92 

-1-  + 

0 
0 

s 
s 

s 
s 

49 

92 

+  - 

0 

s 

s 

50 

91 

+  - 

0 

0 

0 

56 

85 

+  + 

s 

S  +  G 

0 

58 

83 

+  + 

0 

0 

0 

59 

82 

+ 

s 

s 

0 

63 

78 

+  - 

0 

0 

0 

*  -  =no  enlargement,  H —  =very  slight  enlargement,  +  =  moderate  enlargement,  +  +  = 
great  enlargement. 

t  S=jB.  suipestifer,  G^B.  Gaertner,  O- Sterile  or  lactose-fermenting  bacilli  only.  (In  almost 
all  cases  the  organisms  were  present  in  pure  culture.) 

X  In  this  mouse  there  was  a  small  chronic  intraperitoneal  abscess  just  below  the  anterior 
margin  of  the  liver  which  gave  a  pure  culture  of  B.  suipcMifcr. 

These  results  are  somewhat  surprising.  From  eight  of  the  15  mice  cultures 
of  B.  suipestifer  were  obtained,  and  from  one  mouse  both  this  organism  and 
B.  Gaertner.  In  the  remaining  six  mice  the  bacteriological  results  were  negative. 
In  all  the  positive  cases  a  culture  of  the  organism  concerned  was  obtained  from 
the  spleen.  In  two  cases,  the  heart  cultures  were  positive  and  the  liver  cultures 
negative.  In  six,  the  cultures  from  the  liver  gave  positive  results  but  not  those 
from  the  heart.   In  one  case  B.  sui])estifer  was  obtained  from  the  spleen  alone. 
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Only  four  mice  showed  any  marked  abnormality  post-mortem.  In  three  of 
these  there  was  marked  splenic  enlargement.  In  the  other  there  was  a  small 
chronic  intraperitoneal  abscess,  from  the  pus  of  which  a  ])ure  culture  of 
B.  suipestifer  was  obtained.  The  remaining  mice,  with  one  exception,  showed 
slight  splenic  enlargement,  but  of  a  degree  which  is  common  among  mice 
dying  from  a  variety  of  causes.  With  regard  to  the  heart  cultures,  it  should 
be  mentioned  that  these  were  obtained  by  cutting  away  the  apex  of  the  heart 
and  dropping  it  into  a  tube  of  broth.  The  two  positive  cultures  obtained 
cannot  therefore  be  regarded  as  definite  evidence  of  the  existence  of  bacteri- 
aemia. 

At  this  stage  there  is  little  point  in  speculating  on  the  exact  meaning  of 
these  results.  Of  15  apparently  healthy  mice,  9  were  harbouring  in  their 
tissues,  and  especially  in  the  spleen  and  liver,  the  causative  organism  of  the 
epidemic  through  which  they  had  survived.  Their  sojourn  in  the  cage  had 
varied  between  78  and  125  days.  No  deaths  had  occurred  in  the  cage  for 
14  days  and  only  two  during  the  last  month.  It  seems  certain  that  some  state 
of  equilibrium  had  been  arrived  at,  and  that  the  mice  which  yielded  the 
positive  cultures  were  acting  as  carriers.  What  would  have  happened  had  a 
considerable  number  of  susceptible  mice  been  added  at  this  point?  It  seems 
likely  that  a  new  spread  of  infection  would  have  occurred;  that  a  proportion 
of  the  newcomers  would  have  died,  while  the  old  inhabitants  of  the  cage 
remained  unaffected;  but  that  eventually  these  in  their  turn  would  have 
succumbed.  This  point  is  being  more  particularly  examined  in  further  experi- 
ments. 

SUMMARY  AND  CONCLUSIONS. 

The  results  so  far  obtained  have  raised  many  questions  and  answered  few 
of  them.  The  important  role  played  in  the  spread  of  epidemic  disease  by  the 
re-accumulation  of  a  susceptible  population  is  clearly  indicated.  It  seems  not 
unreasonable  to  hope  that  valuable  information  as  to  the  effect  produced  by 
variations  in  the  rate  of  such  re-accumulation,  and  on  other  matters,  may  be 
obtained  by  the  satisfying  method  of  direct  experiment.  The  bearing  of  such 
information  on  the  well-known  fluctuations  in  the  incidence  of  epidemic 
diseases,  and  especially  perhaps  of  those  which  fall  most  heavily  on  children, 
are  too  obvious  to  need  emphasising. 

The  following  conclusions  seem  permissible  at  the  present  stage : 

(1)  If  susceptible  mice  be  continuously  added  to  an  infected  population 
the  spread  of  infection  will  continue  over  a  long  period  of  time.  There  is  no 
evidence  that  this  period  has  a  limit. 

(2)  When  susceptible  mice  are  added  continuously  and  at  a  constant  rate 
to  an  infected  population,  the  spread  of  infection,  as  judged  by  a  mortality 
curve,  is  propagated  in  regularly  recurring  waves.  These  waves  are  most 
easily  observed  by  noting  the  fluctuations  in  the  total  cage-population.  It 
seems  probable  that  the  period  of  these  fluctuations  will  be  found  to  depend 
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on  \]\v  v;\{c  of  addition  (►f  susccpl  ihic  indi\'idnals.  hut  this  ])oint  has  still  to  ho 
drtcM  iniiHMl. 

(3)  Tlu*  actual  (h*atlis  nia\'  occur  in  lai<^(;  ^loups,  with  intj'.rvals  duiin^ 
which  deaths  arc  few  and  far  hctwccn,  oi-  they  may  fall  in  a  succession  of 
smaller  jj^roups.  increasing  and  diminishing'  in  size  to  foiin  the  larj^er  waves. 
hi  ;ill  cas(\s  tJi(M"e  is  this  tcndcnc\'  for  the  occuricncc  of  such  small  ^rou))s  of 
deaths  with  definite  maximal  points.  There*  would  s(MMn  to  he  two  fluc^tuating 
processes,  the  one  su|)ei'imposed  upon  the  other. 

(4)  The  average  survival-time  of  mice  added  to  the  cage,  and  their  chance 
of  ultimate  survival  if  no  more  susce])til)le  mice  are  introducerl,  vary  according 
to  the  phase  at  which  they  are  added,  if  they  gain  entrance  to  the  cage 
during  the  rise  of  a  wave  they  are  unlikely  to  live  for  long.  If  they  are  intro- 
duced during  the  fall  of  a  wave  their  chances  of  survival  are  greatly  increased, 

•and  they  will  usually  outlive  mice  which  are  added  at  a  later  date  but  at  a 
time  before  the  commencement  of  the  next  wave. 

(5)  The  rate  of  extinction  of  a  population,  among  which  infection  is 
actively  spreading,  wmU  be  far  tess  rapid  if  they  are  kept  isolated,  than  if  further 
susceptible  individuals  continuously  gain  access  to  them.  A  proportion  of 
the  infected  population,  wdiich  would  have  survived  indefinitely  under  the 
former  circumstances,  will  die  under  the  latter. 

(6)  The  ultimate  survivors  among  such  a  population  have  not  escaped 
infection,  but  have  successfully  resisted  it.  A  considerable  proportion  of  them 
are  harbouring  the  causative  parasite  in  their  tissues. 

My  sincere  thanks  are  due  to  my  colleagues,  Dr  H.  B.  Weir  and  Dr  G.  S. 
Wilson,  for  their  constant  help,  and  to  Mrs  Phyllis  Worthington  whose  assist- 
ance in  this  work  I  have  been  able  to  obtain  by  the  aid  of  the  Medical  Research 
Council. 
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APPENDIX. 

Table  showing  addition  and  deaths  of  mice  and  bacteriological  results  of 
post-mortem  examinations.    (See  Chart  I.) 

G  =  B.  Gaertner  isolated  post-mortem. 

S  =  /?.  suipestifer  isolated  post-mortem. 

Nil  =  Examined  post-mortem,  but  neither  organism  isolated. 

Batch  No. 

Mice                Batch                Mice              of  dead  Bacteriological 

l>ate                   added                No.                 died                 mice  results 
1919 

May  21                       6                       1                     

.,24                      6                      2                    —                    —  _ 

„     28                      6                      3                    —                    —  — 

..     30                   —                   —                     2                     1  G 

3  Not  examined 

..31                      6                      4                      1                      1  G 

June  16                    —                    _                      1                      4  Not  examined 

..17                     —                     _                       1*1  G 

„      18                       4                      6                     —                     —  _ 

July    7                      6                      6                    —                    —  — 

..     21                    —                    —                      3                      6  NU 

6  G 
fi  P 

Aug.  19                   —                   _                     1                     6  G 

M     26                   —                   —                     1                     5  s 

„     30                     8                     7                   —                   —  — 

Sept.    3                   _                   _                     2                     7  S 

5  NU 

..     15                   —                   —                     1                     7  NU 

„     16                      5                      8                    —                    —  — 

..24                                           —                      2                      8  NU 

Q  Q 

„     25                     2                     9                     2                     1  G 

8  Nil 

»»     26                     —                    —                       1                       8  Not  examined 

„     27                      6                    10                    _                    _  _ 

,»     29                     4                   11                     2                    10  Nil 

8  NU 
Oct.     2                   —                   _                     1                    10  NU 

»       3                     6                   12                   —                   —  — 

..       6                    —                    —                      1                      3  Nil 

„       9                    —                    —                      1                    11  NU 

»»     12                     —                    —                      3                     12  Not  examined 

11  S 
10  S 

»»     13                      8                    13                      5                    12  Not  examined 

12 

12  S 
3  S 
1  S 

»»  14         4         14         4         10  Not  examined 

10  S 

9  S 

1  S 
„  15         4        15         4        14  Nil 

7  S 

2.  Not  examined 

2  S 
,.16                      3                    16                      4                      6  G 

2  S 

12  S 


n 


G 
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:J(39 


i)aU' 
Oct.  17 

,.   18 
„   l!» 

..  21 


M  icp 
added 


Hatch 
No. 

17 


„  23 

»  24 

»  25 

.,  26 

„  27 

,,  28 

„  29 

„  30 

„  31 

Nov.  1 

»   2 

..  3 


8 


2 
11 


18 


19 
20 


21 


22 
23 


24 


26 


26 

27 
28 


Hatch  No, 

Mice 

of  deiid 

died 

Miice 

3 

11 

10 

12 

2 

ir> 

13 

2 

i:{ 

3 

3 

(» 

13 

14 

4 

2 

1  <". 

1 .) 
14 

Ik 

2 

II 

13 

3 

Hi 

13 

13 

6 

19 

4 

13 

3 

4 

17 

4 

3 

4 

4 

14 

3 

15 

2 

18 

3 

19 

17 

16 

4 

18 

17 

7 

2 

2 

20 

21 

1 

7 

4 

19 

18 

21 

21 

5 

21 

21 

19 

17 

22 

2 

21 

18 

3 

16 

22 

21 

1 

18 

2 

21 

22 

9 

21 

21 

21 

21 

22 

22 

liact^^riologicHJ 

rcHiiits 

iNil 

8 

S 

S 
Nil 

8 

NU 
NU 
Nil 

8 

G+S 
8 
8 
8 
8 
G 
S 

Not  examined 


O 
8 

8 

Not  examined 

»» 

8 

S 
Not  examined 

G 

8 

Nil 

G 

8 

G 

8 

S 

S 

Not  examined 

G+S 

S 

G+S 

Not  examined 

G+S 

S 

Not  examined 

G^S 

G+S 

S 

S 

G+S 

Not  examined 


G+S 
G 

Not  examined 

8 
Not  examined 

G 

G 

G 

Not  examined 

G+S 

S 


:]7() 
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Hatch  No. 

Mice 

Batch 

Mice 

of  (lead 

Bacteriological 

Date 

titUU'tl 

No. 

(lied 

mice 

re8ult8 

N(»V.      7  cont. 

25 
17 

8 
S 

s 

3 

23 
23 
23 

Nil 

Nil 

G+S 

..       9 

4 

21 
19 
24 
25 

Not  examined 

»» 
G 

„      10 

12 

2!) 

5 

25 
25 
25 
25 
22 

Not  examined 

»» 
G 
G 

G+S 

„      11 

3 

30 

3 

26 
23 
22 

Not  examined 
(i 

G+S 

„      12 

— 

— 

2 

26 
26 

Not  examined 
»» 

„      13 

C 

31 

4 

25 
25 

28 

7 

»> 

♦» 

»> 

„      14 

2 

32 

2 

28 

28 

>» 
»» 

„      l") 

2 

33 

4 

28 
28 
31 

28 

G+S 
G 
G 

„      10 

4 

34 

4 

16 
29 

28 
28 

G+S 

G 

Not  examined 

S 

„      17 

10 

35 

5 

28 
28 
28 
29 
30 

Not  examined 
G+S 
G+S 

G 

G 

„      18 

4 

27 
29 
29 
30 

G+S 

G 

S 
G+S 

„      1^> 

4 

26 
29 
29 
30 

G  +  S 

G 
G+S 

G 

',,     20 

7 

3G 

2 

29 
32 

G  +  S 
G  +  S 

,,     21 

4 

37 

4 

29 
31 
31 
35 

G  +  S 

G 

G 

Not  examined 

>?      — 

4 

38 

4 

27 
28 
29 
32 

G  +  S 
S 
S 
G 

.,     23 

— 

— 

2 

29 
31 

G+S 
Not  examined 

"„     24 

5 

39 

3 

33 
31 

38 

G  +  S 

G 

Not  examined 

„     25 

1 

40 

1 

35 

G 

„     26 

2 

41 

3 

34 
35 
35 

G  +  S 
G 
S 

„     27 

3 

42 

2 

35 
37 

Nil 
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I'.al.h  .No. 

Mice 

Itatcii 

Mi.r 

of  (lend 

Baclrriolojiical 

Date 

luldrd 

.No. 

<li(Ml 

iiiicc 

ICMUItM 

Nov.  28 

3 

43 

:{ 

M 
36 

G 

S 

s 

„     -l> 



__ 

1 

35 

Notc'xaniiiifd 

„     .•{(> 

" 

" 

3 

36 
•Mi 

♦t 

Ore.      1 

6 

44 

2 

•AH 

Nil 

>»         — 

2 

46 

2 

•M 

s 

Not  examined 

»       4 

3 

46 

3 

2!> 

4:{ 

G 

„       5 

3 

47 

4 

•M\ 
'M 
40 
43 

G  +  S 

Not  examined 

G 

G 

»       « 



■ 

3 

42 
44 

G+S 
G 
G 

,,       7 

8 

35 
.35 
30 
3!) 
41 
41 
42 
44 

G 
G 
G 

G+S 

Not  examined 

G 

O 

G 

»       8 

10 

48 

8 

29 
31 
35 
36 
38 
42 
43 
44 

G+S 
G+S 

G 

NU 

G 

G 

G       . 

G 

„       9 

13 

49 

4 

35 
37 
45 
45 

G 

G+S 

G 
G  +  S 

»      10 

6 

50 

4 

36 
44 
44 
4G 

G 
G 

G+S 

S 

„      11 

2 

61 

2 

46 

48 

Not  examined 
>> 

„      12 

1 

52 

2 

49 
49 

Nil 
S 

,,      13 

4 

63 

3 

39 
44 
49 

G+S 

G+S 
S 

„      14 

6 

46 

48 
49 
49 
49 

G 

S 

G+S 

S 

S 

„      15 

* 

5 

47 
49 
50 
50 
50 

G 

S 
G+S 
G+S 

S 

„      16 

17 

54 

7 

47 

48 
49 
49 
49 

G 
G 

G+S 

G+S 

S 

37*2  Spread  of  Bacterial  Infection 


Mice  Batch 

Date                   added  No. 

Dec.  U)  con^, 

„      17                       5  55 


18  4  56 


19 


20  —  — 

21  —  — 

22  9  57 


23 


24  1 1  58 


25 


26 


27  8  59 


28 


„     29 
„     30 
.,     31 

8 
6 

60 
61 

1920 

Jan.     1 

7 

62 

„       3 

4 

63 

,.       4 

4 

64 

Batch  No. 

Mice 

of  dead 

Bacteriological 

died 

mice 

results 

49 

G+S 

49 

G-hS 

5 

48 

G+S 

49 

G+S 

50 

S 

50 

G-t-S 

51 

G+S 

4 

49 

Not  examined 

51 

>» 

54 

•           " 

55 

Nil 

3 

48 

G+S 

53 

Not  examined 

54 

S 

1 

48 

Not  examined 

1 

54 

>t 

3 

48 

G 

54 

G+S 

56 

S 

5 

48 

G  +  S 

53 

G 

54 

Not  examined 

55 

G 

55 

S 

11 

47 

G+S 

53 

G+S 

54 

G  +  S 

54 

G+S 

54 

G 

54 

G+S 

54 

G+S 

54 

G+S 

55 

G+S 

56 

G  +  S 

56 

S 

4 

54 

Not  examined 

56 

G  +  S 

57 

S 

57 

s 

4 

52 

s 

54 

G  +  S 

57 

Not  examined 

57 

S 

5 

53 

G+S 

54 

G+S 

54 

G+S 

55 

G  +  S 

58 

Not  examined 

4 

54 

G 

55 

S 

58 

S 

59 

Nil 

1 

59 

Nil 

1 

58 

G 

1 

57 

G+S 

4 

57 

G 

57 

G+S 

57 

S 

58 

G 

3 

57 

G  +  S 

59 

G+S 

62 

Not  examined 

2 

58 

S 

59 

s 
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Hlitrli    \(,. 

Mice 

Batcli 

Mice 

of  (lead 

Ba(t<^riologi(aI 

Date 

ail(l*-(l 

No. 

(liod 

mice 

njHultH 

Jan.    f) 

1 

05 

3 

54 

58 
5» 

0+S 
G 
Nil 

() 

3 

66 

3 

58 
59 

Not  examined 
S 
(i 

..       7 

3 

67 

1 

(ii 

Not  examined 

..       « 

3 

68 

2 

(iO 
('►4 

G 

Notexamincfl 

»       9 

3 

69 

4 

Not  examined 

„      10 

3 

70 

3 

01 
03 
00 

•• 

Nil 

Nil 

Not  examined 

„      11 

3 

71 

1 

04 

NU 

„      12 

3 

72 

4 

00 
01 
03 

07 

G 

Nil 

Not  examined 

Nil 

13 

3 

73 

6 

58 
58 
59 
00 
04 
09 

G 
G 

S 
S 

Not  examined 
S 

„      14 

3 

74 

5 

58 
00 
00 
03 
04 

Not  examined 

Nil 

S 

Nil 
Nil 

»     15 

3 

75 

3 

70 
70 
03 

Not  examined 

„     16 

3 

76 

6 

59 
01 
02 
05 
05 
00 

»• 

M 

»» 

n 

s 

„     17 

3 

77 

— 

— 

— 

„      18 

3 

78 

1 

01 

G+S 

„      19 

3 

79 

3 

08 

72 
74 

G 

Not  examined 
S 

,.     20 

8 

80 

5 

02 
07 
08 
09 
71 

G+S 
Q 

S 

Not  examined 

G+S 

„     21 

3 

81 

5 

02 
05 
07 
09 
70 

G+S 
Not  examined 

S 

G 
Not  examined 

„     22 

3 

82 

8 

58 

00 

08 

71 

72, 

72 

73 

78 

G 
G 
G 

S 

s 

Not  examined 
G 
G 

..     23 

3 

83 

4 

71 

G 

f  >          ^^ 

77 

Not  examined 
G+S 
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Mice  Batch 

Date        added  No. 

Jan.  23  cont. 

„     24         3  84 


25  3        85 

26  3        86 


27  3        87 

28  3        88 


„  29  3  89 

„  30  3  90 

„  31  3  91 

Feb.  1  —  — 

„  2  3  92 


93 

94 

95 
96 


7  3  97 

8  3  98 

9  3  99 

10  3  100 

11  3  101 

12  3  102 

13  3  103 

14  3  104 

15  3  105 

16  3   ■  106 


17  3        107 

18  3        108 


hatch  No. 

Mice 

of  dead 

Bacteriological 

died 

mice 

results 

81 

Nil 

6 

62 

S 

65 

S 

74 

G+S 

74 

S 

76 

S 

79 

s 

1 

76 

s 

7 

66 

Not  examined 

73 

G+S 

73 

S 

75 

Accidentally  killed 

76 

Not  examined 

76 

S 

80 

G+S 

1 

80 

G 

4 

75 

Not  examined 

77 

G+S 

78 

G 

79 

G 

1 

79 

G 

2 

83 

Not  examined 

83 

G+S 

2 

82 

S 

90 

Not  examined 

5 

78 

It 

82 

S 

83 

Not  examined 

85 

*» 

85 

G  +  S 

5 

80 

G  +  S 

81 

S 

81 

s 

87 

G 

89 

S 

4 

84 

Nil 

87 

Not  examined 

88 

G+S 

89 

S 

3 

82 

G 

90 

G 

92 

Not  examined 

4 

85 

S 

87 

G  +  S 

88 

G 

90 

G+S 

1 

84 

G  +  S 

1 

84 

S 

2 

86 

G 

91 

G 

2 

86 

G 

91 

G+S 

1 

94 

G 

2 

99 

Not  examined 

100 

»> 

2 

88 

Not  examined 

93 

G 

3 

89 

G+S 

92 

S 

94 

Not  examined 

3 

97 

S 

98 

G 

106 

S 

3 

86 

Not  examined 
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liulcli  No. 
Micf  Hutch  Mice  of  (It-ad  Hactcriologicul 

Date  added  No.  difMl  rni<  c  resnltH 

F»l..  IS  conl.  '.Ml  G 

H 
|(»!)  3  U.'i  G 

G 
8 

20  3  110  2  •».".  G+S 

G 

21  3  Ml  4  101  G+S 

G+S 

S 

S 

112  (i  !H  S 

S 

G 

G+S 

Not  examined 

Nil 

23  3  113 

24  3  114  5  93  8 

8 
8 
8 

G+8 
11.-)  3  98  G+S 

G+S 
G+8 

26  3  116  2  101  G 

8 

27  3  117  2  104  G 

G 

28  3  118  5  102  G 

G+S 

G 

G 

Not  examined 

29  3  119  G  93  S 

G 
G 
8 
G 

NU 
:\rar.     1  3  120  4  102  S 

G+S 

G 

Nil 

121  4  109  Nil 

G 
G 
G 

122  7  108  G 

8 
G 
G 
G 
G 

NU 

4  3  123  1  119  Not  examined 

5  3  124  1  11.")  G 
G                       3                     125                     3                   112  G 

8 
G 

7  —  —  1  114  G+S 

8  3  12G  G  104  G 

S 

G+S 
G+S 
G+S 


IJulch  No, 

Mice 

of  <l<'ad 

difMl 

mi(  (• 

•Mi 

07 

3 

9.'i 

99 

99 

2 

9.-. 

9r, 

4 

101 

102 

103 

lot 

(i 

!H 

95 

9G 

9H 

103 

10.-) 

5 

93 

94 

97 

100 

103 

3 

98 

101 

lOG 

2 

101 

105 

2 

104 

107 

5 

102 

106 

107 

110 

111 

G 

93 

108 

108 

110 

111 

112 

4 

102 

105 

107 

115 

4 

109 

113 

113 

114 

7 

108 

110 

111 

112 

113 

115 

119 

1 

119 

1 

115 

3 

112 

IIG 

120 

1 

114 

G 

104 

109 

109 

114 

117 
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Mice 
Date  added 

Mar.     8  cont. 
»       9  3 


10 


..     11  8 

„     12  3 

„     13  3 


14  3 

15  3 


„     16  3 

„     17  3 

,     18  3 


19 


20 


»^ 

21 

»> 

22 

>» 

23 

»» 

24 

>> 

25 

»» 

26 

»» 

27 

»» 

28 

>> 

29 

,,     30 
„     31 


April    1 


Batch  No. 

Batch 

Mice 

of  dead 

Baoteiiological 

No. 

died 

mice 

rehulth 

119 

G+S 

127 

3 

118 

G 

118 

G+S 

118 

G+S 

128 

4 

116 

G 

117 

G+S 

120 

G 

121 

G 

129 

2 

126 

Nil 

117 

G+S 

130 

— 

— 

— 

131 

3 

121 

G 

121 

G 

127 

Not  examined 

132 

1 

129 

it 

133 

4 

123 

» 

123 

>» 

124 

G 

128 

G 

134 

2 

116 

S 

133 

Not  examined 

135 

— 

— 

— 

136 

6 

120 

G 

124 

G 

124 

Q 

126 

G 

127 

G 

135 

Not  examined 

137 

6 

129 

G 

122 

S 

122 

S 

127 

G 

128 

G 

138 

2 

122 

G 

130 

Not  examined 

139 

— 

— 

— 

140 

— 

— 

— 

141 

1 

132 

G 

142 

2 

129 

Not  examined 

132 

G 

143 

1 

130 

G 

144 

1 

128 

G 

145 

3 

123 

S 

126 

Not  examined 

132 

S 

146 

2 

133 

G 

134 

G 

147 

5 

126 

S 

126 

G  +  S 

130 

G 

143 

NU 

146 

Not  examined 

148 

3 

136 

G 

137 

G 

144 

G  +  S 

149 

7 

131 

G 

137 

Not  examined 

137 

G 

138 

G 

139 

G 

143 

G 

146 

Not  examined 

150 

4 

126 

S 

131 

G 

140 

G 

141 

G 

151 

3 

134 

G 

Mice 

Dat 

0 

added 

April 

nmf. 

3 

»» 

4 

3 

»» 

f) 

8 

*> 

6 

8 

ti 

7 

3 

tf 

8 

8 
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Batch  Mice  of  dtad  BacU'riological 

No.  (lied  mi(»*  roHultH 

Nil 
G 
162  1  l.m  O 

168  2  \:\H  Not  examined 

164 

G 

166        8        140  G 

O 
Not  examined 

166  2        13{)  G 

G 

167  4      \:m  G 

G 
G 
G 

168  6        136  G 

Not  examined 

t« 
G 
G 
„     10  3  169  4  34  O 

G 

G 

Not  examined 

11  3        leO        2        131  G 

G 

12  3         161         7         135        Not  examined 

m 

G 
G 

G 
Not  examined 
„  13        3        162        9        147  G 

G 
G 
8 
G 
G 
NU 
Not  examined 

14  3        163        7         20  6 

G 

Not  examined 
G 

Not  examined 
G 

Not  examined 

15  3        164        1        150  G 

16  3        166        6        148  G 

O 
G 

Not  examined 
G 
O 

17  3        166         1        150  O 

18  3        167        1        156  G 

19  3        168        4        100  G 

Not  examined 

G 
Not  examined 

20  3        169        4        152  G 

G 
O 
O 


Batch  No 

Mice 

of  dead 

died 

mi(»* 

1 35 

146 

1 

138 

2 

138 

140 

2 

145 

134 

8 

140 

145 

146 

2 

130 

141 

4 

136 

143 

144 

149 

6 

136 

139 

142 

145 

153 

4 

34 

133 

142 

153 

2 

131 

142 

7 

135 

148 

151 

152 

153 

154 

159 

9 

147 

149 

151 

154 

155 

156 

157 

157 

159 

7 

20 

147 

147 

149 

150 

152 

156 

1 

150 

6 

148 

151 

155 

158 

158 

158 

1 

150 

1 

156 

4 

100 

i:>4 

UW) 

162 

4 

152 

157 

159 

160 

April 
>» 

21 
22 

>> 

23 

24 

>» 

25 

26 

>> 

27 

,, 

28 

»» 

29 

>> 

30 

May 

1 

«> 

2 

>> 

3 

>> 

4 

>» 

5 

» 

6 

> 
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1.   Introduction. 

During  the  summer  of  1917,  we  were  asked  by  the  Food  (War)  Committee 
of  the  Royal  Society  to  investigate  the  factors  responsible  for  the  outbreak 
of  rope  in  the  nation's  bread  which  started  early  in  June  and  rapidly  assumed 
serious  proportions.  The  following  notes  form  a  summary  of  two  reports 
presented  by  us  to  the  Committee,  and  of  some  further  investigations  under- 
taken on  behalf  of  the  Wholesale  Co-operative  Society.  We  wish  to  thank 
both  the  Royal  Society  and  Dr  Geoffrey  Martin  of  the  Wholesale  Co-operative 
Society  for  permission  to  republish  our  results. 

The  earhest  reference  to  the  condition  now  known  as  rope  occurs  in  a 
paper  by  Laurent  (1884).  He  stated  that  "pain  visqueux"  was  of  common 
occurrence  during  the  summer  months  amongst  the  agricultural  population 
of  Belgium  accustomed  to  bake  their  own  bread.  He  ascribed  the  condition 
("pain  malade"  or  "visqueux")  to  a  bacillus  which  he  isolated  from  the 
bread  and  named  B.  fanificans.  His  description  of  "pain  visqueux"  is 
sufficiently  striking  to  be  given  verbatim:  "Pendant  les  mois  les  plus  chauds 
de  I'annee,  de  juin  a  septembre,  il  arrive  souvent  que  le  pain  prepare  dans  les 
menages  de  la  campagne  subisse  des  transformations  d'une  nature  toute 
speciale.  Deux  ou  trois  jours  apres  le  cuisson  il  repand  une  odeur  putride; 
consomme  alors,  il  a  un  gout  sucre  qui  ne  deplait  pas.  Peu  de  temps  apres, 
r  odeur  devient  plus  forte,  et  ne  tarde  pas   a  rappeler  celle   des   matieres 
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albuminoides  en  decomposition.  Un  coutftaii  introduit  dan.s  la  mie  se  couvre 
d'lino  niatirro  <,'luant«  (|ui  sc  dotacho  difliciloniont.  Si  Ton  enfonce  lo  doigt 
dans  la  ])artic  ccntralo  do  la  mie  ct  (|ue  Ton  le  rotiro  lentenient,  il  ontraine 
des  lambeaux  (jui  pronnont  la  forme  do  iilamentH  analogues  k  ceux  (jik^  doiine 
la  colle  forte." 

T\w  cultural  clia.nictcrs  of  Laurent's  B.  jxniijicdHs  are  ^iv(Mi  hclow.  ffe 
isolated  this  orijanlsin  fiom  ropv  hicad  and  also  from  flour,  grains  of  wheat, 
and  soil.  He  considered  that  the  organism  was  universally  present  on  the 
surface  of  cereals  and  passed  into  the  flour  during'  milliner.  If(;  stated  that  it 
could  resist  the  heat  of  bal<iu<;,  and  (lev(;lop  in  bread,  attacking  both  gluten 
and  starch.  He  realised  that  the  activity  of  the  bacillus  was  dependent  on 
both  the  moisture  and  the  reaction  of  the  bread,  and  asserted  that  **pain 
visqueux"  could  be  prevented  by  the  addition  of  vinegar  to  the  dough. 

A  number  of  later  workers  substantially  confirm  Laurent's  conclusions. 
Kratschmer  and  Niemilowicz  (1S89)  and  Watkin  (1900)  considered  that  B. 
mesentericus  vidgatus  (Flligge)  is  a  causative  or^^anism,  and  Watkin  also 
attributed  rope  to  B.  mes.fusctis.  Uffelmann  (1890)  considered  that  two  types 
of  bacilli  called  by  him  B.  liodernios  and  B.  mes.  viiUjdlus  (Fliigf^e)  could  both 
cause  rope  in  bread.  Kries  (1893)  also  attributes  rope  to  a  bacillus  unspecified. 
Vogel  (1897)  made  a  detailed  investigation  of  rope  during  an  outbreak  in 
Hamburg.  He  isolated  three  strains  of  bacilli  of  the  Mesentericus  group  from 
affected  bread,  and  considered  that  two  of  them,  called  by  him  B.  mes.  panis 
viscosus  I  and  II  respectively,  were  capable  of  causing  rope  in  bread.  Both 
types  produce  a  highly  alkaUne  reaction  in  afTected  bread.  Type  I  is  stated  to 
have  a  proteolytic  action  on  gluten  but  no  action  on  starch,  type  II  to  hydrolise 
both  gluten  and  starch.  Beattie  and  Lewis  (1917)  consider  that  only  one 
species  of  bacillus  (characters  not  given)  can  cause  rope.  They  state  that  the 
condition  of  rope  is  to  be  attributed  to  a  "viscous  fermentation  of  carbo- 
hydrates." They  call  their  organism  B.  mes.  panis  viscosus  (Vogel),  but  it  is 
to  be  noted  that  Vogel  states  that  his  commoner  type  has  no  action  on  starch. 

All  previous  workers  on  rope  agree  in  attributing  the  condition  to  a 
bacillus  of  the  Mesentericus  group.  The  cultural  characters  of  the  bacilli 
isolated  by  them  are  given  in  Table  I.  below.  They  state  that  the  spores  of 
the  bacilh  occur  on  cereals  and  resist  baking.  Most  workers  state  that  ropy 
bread  is  alkahne  in  reaction  and  that  the  condition  can  be  inhibited  by  the 
addition  of  acid  to  the  dough.  Several  emphasise  the  importance  of  moisture 
and  temperature.  From  their  descriptions  it  is  not  easy  to  differentiate  between 
the  conditions  found  in  bread  in  different  outbreaks,  but  it  is  evident  that  the 
bread  was  not  affected  in  the  same  way  in  the  various  outbreaks  which  have 
been  investigated.  Our  own  investigations  made  during  the  summer  of  19i7 
have  led  to  the  isolation  from  affected  bread  of  five  different  strains  of  bacilH 
all  belonging  to  the  Mesentericus  group,  each  of  which  in  pure  culture  is  CApable 
of  causing  the  decomposition  of  bread.  These  and  other  bacilh  of  the 
Mesentericus  group  can  also  be  isolated  from  flour,  from  the  outside  surface 
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of  grains,  wheat,  bailey,  maize,  etc.,  from  the  dust  in  mills  and  bakehouses, 
and  from  sound  bread.  There  seems  Uttle  doubt  that  they  are  normally  present 
in  all  breads,  but  their  presence  does  not  give  rise  to  rope  unless  conditions 
prevaiHng  are  such  as  to  allow  of  great  multiplication.  Under  such  conditions 
the  changes  they  produce  are : 

(1)  an  unpleasant  smell, 

(2)  a  brown  discolouration,  • 

(3)  a  sticky  disintegration  of  the  crumb  due  to  the  hydrolysis  of  either 
the  bread  proteins  or  carbohydrates  or  of  both, 

(4)  a  change  in  reaction  which  may  become  markedly  alkahne,  markedly 
acid,  or  neutral.   (Normal  unaii'ected  bread  has  a  faintly  acid  reaction.) 

In  the  alkahne  conditions  the  characteristic  stringiness  so  graphically 
described  by  Laurent,  develops  very  rapidly.  In  the  acid  or  "sour"  breads  it 
does  not  usually  occur  until  decomposition  is  more  advanced.  In  their  early 
stages  of  development,  it  is  impossible,  except  by  a  chemical  and  bacterio- 
logical examination,  to  distinguish  between  the  decomposition  caused  by  the 
different  types  of  infection. 

2.   Isolation  of  Causative  Organisms  from  Bread,  Flour  and  Grains. 

Afiected  loaves  were  examined  by  the  usual  aerobic  methods,  strains  of 
bacteria  isolated  from  the  loaves  being  obtained  in  pure  culture,  and  re- 
inoculated  into  sterile  bread  to  test  their  action.  Five  types  of  bacilh  were 
isolated  from  affected  bread,  all  belonging  to  Fliigge's  Mesentericus  group. 
These  are  referred  to  as  A,  B,  C,  D  and  E.  The  loaves  were  further  examined 
by  the  methods  of  anaerobic  culture,  glucose  broth  and  glucose  agar  being 
used.  No  obligatory  anaerobes  were  isolated  by  us  in  either  a  hydrogen  or 
a  carbon  dioxide  atmosphere.  Type  A  proved  to  be  a  facultative  anaerobe  in 
both  hydrogen  and  carbon  dioxide,  types  B  to  E  showed  shght  surface  growth 
in  the  carbon  dioxide  atmosphere,  none  at  all  in  hydrogen.  Types  A  and  B 
were  the  types  encountered  most  often,  C  and  D  were  only  encountered  once 
each,  E  three  times  out  of  a  total  of  20  loaves  examined. 

Whole  grains  of  wheat,  barley  and  maize  were  examined.  Since  the  only 
organisms  of  importance  for  our  investigation  were  those  capable  of  forming 
heat-resistant  spores,  the  grains  were  put  into  sterile  broth  or  water,  and 
steamed  for  20  minutes  to  destroy  non-spore  bearing  forms.  Fifty  different 
samples  of  grains  from  every  part  of  the  world  were  examined,  every  one  of 
which  proved  to  be  carrying  heat-resistant  spores  capable  of  causing  un- 
soundness in  bread.  Four  grain  samples  from  the  scourers  were  also  examined 
and  found  to  be  carrying  rope  bacilh.  B  was  the  commonest  type,  being  isolated 
from  60  per  cent,  of  the  grain  samples  examined;  A  and  E  are  common;  C 
rather  more  rare,  D  was  not  isolated  from  any  grain  sample,  but  an  additional 
type  N  was  encountered  once  on  a  sample  of  barley.  This  type  N  appears  to  be 
identical  with  B.  mesentericus  niger  originally  isolated  by  Biel  (1896)  from 
bread. 
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Over  KM)  Mjuiiplcs  of  ilour  wcirc  r.\;miiii('(l.  0-5  ^raiii  of  fiour  \va«  .steanHid 
for  20  Mii?iuf('s  in  10  c.c.  of  stciilc  walcr,  .iiid  tho  c.imilKioii  was  inoculated  on 
to  agar  ])Iatt's.  H,  A,  K  and  C  arc  a«^'ain  llic.  ty})CH  usually  found.  Type  N  was 
encountenul  twice. 

.'i.   CiJi/rrHAi,  Characters  of  1111:  Oi{(;anisms. 

The  cultnml  characters  of  the  strains  of  li.  inrsrnhricuH  A  K  and  N  were 
examined  by  growth  on  various  media.  Cole  and  Onslow's  tryptic  broth  was 
used  as  the  basis  for  all  nutrient  media,  and  the  reaction  was  adjusted  to  be 
neutral  to  ])henolsul])h()nc  phthalcin.  (P,,  7-'i  on  S^rensen's  logarithmic 
scale  (1909)).  Gelatine  media  contained  10  per  cent,  of  gelatine,  and  agar 
media  2  })er  cent,  of  agar. 

A  few  special  media  were  employed.  Bread  plates  were  made  by  cutting 
small  shces  of  bread,  a  quarter  of  an  inch  thick,  and  sterilising  them  in  Petri 
dishes  in  the  autoclave  for  20  minutes  at  115°C.  In  all  experiments  with 
bread  plates,  control  bread  plates  moistened  with  sterile  water  were  incubated 
with  the  inoculated  plates  for  comparison.  Gluten  plates  were  made  by  mixing 
gluten  flour  with  tap  water  in  such  proportions  that  a  thick,  but  not  sticky, 
paste  resulted.  The  paste  was  placed  in  Petri  dishes  and  autoclaved.  During 
sterilisation  the  gluten  paste  "rises"  somewhat  and  becomes  of  a  much  firmer 
consistency.  A  starch  medium  was  made  for  testing  the  action  of  the  bacteria 
on  starch.  This  was  made  by  adding  seven  grams  of  pure  cornflour  starch  to 
100  c.c.  of  neutral  broth  with  phenol  red  as  indicator.  The  starch  suspension 
was  well  shaken,  tubed,  gelatinised  by  boihng,  the  tubes  being  well  shaken 
until  gelatinisation  was  complete,  and  sterilised  in  the  autoclave.  This  medium 
was  used  for  stab  cultures.  The  cultural  characters  of  our  types  A-E  and  X 
are  all  summarised  in  Table  I,  together  with  the  characters  of  the  organisms 
described  by  previous  workers.  The  most  striking  features  are  the  very  slight 
proteolytic  power  of  A,  and  the  very  marked  proteolytic  power  of  B,  C,  D,  E. 
It  can  be  seen  that  the  organisms  cause  a  series  of  decompositions  in  bread 
passing  from  acid  to  alkaline  in  the  final  reactions.  Fermentation  tests  with 
strains  A-E  w^ere  made  with  glucose,  lactose,  saccharose,  mannite,  and  sahcin. 
The  results  were  not  specific.  The  heat-resistant  power  of  the  spores  of  all  five 
organisms  is  a  very  important  economic  character.  Pure  cultures  of  types 
A-E  w^ere  sealed  into  five  capillary  tubes  and  embedded  in  dough  and  baked. 
The  time  of  baking  was  three-quarters  of  an  hour.  In  every  case  the  original 
organism  was  subsequently  recovered.  Vogel's  experiments  on  the  influence 
of  the  heat  of  baking  had  similar  results.  Experiments  with  broth  culture.s 
at  100°  C.  showed  that  the  survival  times  of  the  various  species  differed 
considerably.    Values  are  given  in  the  table. 

Another  important  cultural  character  is  the  inhil)ition  of  growth  by  acid. 
Growth  in  all  strains  is  inhibited  by  a  reacrion  of  P„  =  5-5,  a  figure  which 
strangely  enough  coincides  with  Jesson-Hansen's  optimum  reaction  for  gluten. 
This  same  hmiting  value  for  the  growth  of  rope  bacilh  was  also  reached  by 
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Cohn  in  some  subsequent  work  on  rope  in  America.  The  work  is  reported  by 
Henderson  (1918). 

4.   Chemical  Changes  produced  in  Bread  by  the  Bacilli. 

These  fall  readily  under  three  headings: 

(1)  Changes  in  reaction. 

(2)  Changes  affecting  the  proteins. 

(3)  Changes  att'ecting  the  carbohydrates. 

Changes  in  reaction  were  tested  by  inoculating  sterile  bread  plates  with  pure 
cultures,  incubating  for  48  hours  at  37°  C.  and  testing  with  indicators,  and 
comparing  the  colour  with  that  of  a  sterile  control  bread  plate.  The  error  is 
about  ±  0-25  on  the  scale  of  units  used.  The  results  are  given  below. 

Table  II.   iS-hour  bread  cultures. 


Bacillus 

Consistency 
of  bread  plate 

Colour  of 
bread  plate 

Reaction  of  bread 
plate 

Buiret  test  on 
watery  extract 

Control 

Normal 

Normal 

Neutral  to  brom-cresol 
purple.  P2  =  6*5 

Negative 

A 

Sticky, 
softened 

Pink,  later 
brown 

Acid  to  phenol  red,  alkaline 
to  brom-cresol  purple. 
Ph  =  70 

Negative 

B 

Very  viscous, 
semi-liquid 

Brown 

Alkaline  to  phenol  red  and 
litmus.    Neutral  to  cresol 
red.  Ph  =  8-0 

Pink  colour 

C 

Sticky, 
softened 

Greenish-yellow, 
later  brown 

Acid  to  phenol  red,  litmus, 
brom-cresol  purple.    Neu- 
tral to  methyl  red.  Pjj  =  5-5 

Mauve  colour 

D 

Very  viscous, 
semi-liquid 

Yellow,  later 
brown 

Alkaline    to    all   indicators 
used.  Pjj  =  9-0  (circa) 

Pink  colour 

E 

Sticky, 
softened 

Yellow,  later 
brown 

Acid  to  litmus,  phenol  red 
and    brom-cresol    purple. 
P„  =  5-5 

Mauve  colour 

There  seems  to  be  a  close  relation  between  the  reaction  produced  by  the 
infecting  bacillus  and  the  destruction  of  the  bread  proteins.  Type  A  which 
produces  a  very  shght  shift  of  the  reaction  towards  the  alkaline  side,  has  very 
little  proteolytic  power — too  little  to  detect  in  a  48-hour  bread  culture ;  grown 
on  gluten,  the  gluten  plate  becomes  covered  with  a  pink  encrusted  growth, 
there  is  a  smell  of  ammonia,  showing  that  the  protein  is  de-aminated  but  the 
gluten  remains  firm  and  consistent,  and  no  water  soluble  bodies  are  produced 
that  give  the  Biuret  reaction.  B  and  D  which  produce  alkali  on  bread  and  on 
gluten,  rapidly  liquefy  both  media.  The  advanced  stage  of  proteolysis  is 
shown  by  applying  the  Biuret  test  to  watery  extracts  of  bread  and  of  gluten. 
In  both  cases  a  deep  rose-pink  colour  is  produced.  In  bread  infected  with  B, 
it  is  readily  shown  by  a  formol  titration,  that  not  only  albumoses  and  peptones, 
but  also  large  quantities  of  free  amino-acids  are  produced. 

A  and  C  which  produce  an  acid  reaction  in  bread,  have  a  less  violent 
proteolytic  action,  possibly  because  the  acid  produced  is  sufficient  to  bring 
the  reaction  near  to  a  value  which  inhibits  growth. 
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Laurent,  and  N'ol'cI  l.oth  liiid  llial  ixotrin  birak  clown  occurs  in  breads 
infected  with  I  he  l);i(illi  isolated  hy  tlicjn. 

Cultures  of  th(i  hiicilli  on  i  <^dutrii  medium,  liowover,Hhow  aseries of  protein 
liquefactions  exactly  ])anill(;l  to  tlic  sciics  on  hjcad,  tliou;^di  in  (tvery  case  on 
«jjluten  llic  medium  Ix'comes  alkaline  and  llicic  is  evolution  of  free  ammonia. 

This  dilTcrence  of  reaction  ])roduc<'d  on  brc-ad  and  on  ;ilut(;n  by  the  five 
types  under  consideration  is  of  considc^rablc  ch(;mical  int(*reHt.  The  reaction 
in  the  l)read  cannot  be  exj)lained  sim])ly  as  the  sum  of  the  reactions  of  the 
various  organisms  on  the  protein  and  carbohydrate  respectively,  since  though 
A,  B,  D  and  K  all  produce  an  acid  reaction  in  starch  stabs,  C,  which  is  an  acid 
producer  on  breads,  produces  alkali  not  only  from  gluten  but  also  from  starch. 

Normal  bread  contains  starcli,  dextrins  and  reducing  sugar.  Laurent 
states  that  his  B.  pamficans  attacks  cooked  starch  with  the  production  of  an 
ervtlirodextrin.  Vogel  stated  that  B.  nies.  panis  viscosus  11  had  a  strong 
diastatic  action  and  that  in  an  infected  loaf  there  was  an  accumulation  of 
reducing  sugars,  mainly  maltose  and  glucose.  We  have  found  that  in  bread 
infected  with  our  type  B  there  is  an  increase  of  a  reducing  sugar  identified 
as  glucose.  The  quantity  of  reducing  sugar  in  the  loaf  may  be  used  as  an  index 
of  the  progress  of  the  decomposition.  Hiippe  (1884)  has  shown  that  B. 
mesentericus  as  a  group  is  characterised  by  possessing  a  diastatic  enzyme  and 
EfPront  (1917)  considers  that  this  enzyme  is  an  acrodextrinase. 

5.   Method  of  Estimation  of  Heat-resistant  Spores  in  Flour,  and 
Distribution  of  the  Spores  in  Flour-mills  and  Bakehouses. 

The  method  described  below  for  estimating  the  degree  of  infection  of  flour 
with  deleterious  bacteria  has  been  pubhshed  in  the  reports  of  the  Food  (War) 
Committee  of  the  Royal  Society  (Jordan  Lloyd  and  McCrea,  1917).  The  figures 
for  infection  of  flours  given  in  this  report  were  all  obtained  under  war  con- 
ditions, but  we  feel  that  it  would  be  of  more  general  value  to  give  here  results 
obtained  under  a  more  normal  state  of  affairs.  We  have,  further,  standardised 
our  method  of  examining  flour;  a  detailed  description  is  given  below: 

(1)  300  c.c.  of  distilled  water  is  placed  in  a  500  c.c.  flask.  This  is  plugged 
with  cotton  wool  and  autoclaved. 

(2)  100  g.  of  the  flour  is  w^eighed  out  and  shaken  into  the  sterile  water 
with  constant  stirring. 

(3)  The  flask  containing  the  flour  and  water  is  well  shaken. 

(4)  Tubes  containing  10-20  c.c.  of  nutrient  agar  are  melted,  four  of 
these  being  allowed  to  each  sample  of  flour. 

(5)  4  c.c.  of  the  flour  emulsion  is  removed  from  the  flask  with  a  sterile 
graduated  pipette,  1  c.c.  being  placed  in  each  of  the  four  tubes  of  melted  agar. 

(6)  The  tubes  are  placed  in  boiling  water  for  20  minutes. 

(7)  Thecontentsofeachinoculatedtubearepouredintoasterile Petri  dish. 
The  colonies  of  Bacillus  imsenlericus  are  counted  after  24  hours*  incubation 

at  37°  C. 
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Dominant  type 
of 
B.  mesentericus  (1) 

A,  B  and  C 

A,  B  and  C 

A,  B,  C,  E,  etc. 

A,    B,    C    (and 
maggots!) 


The  flour  is  then  judged  by  the  total  number  of  colonies  on  the  four  dishes. 

If  there  are  12  (or  less  than  12)  colonies,  the  flour  is  to  be  considered  sound. 

If  there  are  between  12  and  50  colonies,  the  flour  is  liable  to  develop  rope 
under  bad  conditions. 

If  there  are  more  than  50  colonies,  the  flour  is  to  be  regarded  as  unsafe 
for  ordinary  commercial  use. 

Experimental  results  are  given  below.  They  show  the  low  degree  of  in- 
fection in  normal  flour,  the  order  of  infection  found  where  rope  has  occurred, 
and  the  stages  in  the  miUing  process  at  which  the  rope  spores  are  hable  to 
accumulate. 

Case  1.    Samples  collected  from  a  flour -mill. 

Number  Total  number 

of  of  colonies  on 

sample  Description  the  four  plates 

1  Wheat  berry  ground  up  14 

2  Break  flour  22 

3  "Dead"  flour  from  break  rollers  oo 

4  "  Dead"  flour  from  ledges  and  "sweat"  from  break  oo 

middling  machine 

5  Crude  semolina  2                               — 

6  Pure  semolina  1                               — 

7  "Dead"  flour  from  ledges  of  semolina  machine  17  A  and  C 

8  Finished  flour  from  sack  7                               A 

9  Finished  flour  from  different  sack  5                               A 

10  Bran  28  A,  B  and  C 

Case  2.   A  further  series  of  samples  from  the  same  flour-mill  as  Case  1. 

Number  Total  number 

of  of  colonies  on 

sample  Description  the  four  plates 

1  Manitoba  wheat  from  silo  S.  9        ...         ...  ...  2 

2  Manitoba  wheat  going  on  drier  from  whizzer  ...  0 

3  Manitoba  wheat  leaving  drier  ...  ...  ...  3 

4  River  Plate  wheat  from  silo  S.  10  ...         ...  ...  8 

5  Plate  wheat  going  on  drier  from  whizzer  ...  ...  0 

6  Plate  wheat  leaving  drier     ...  ...  ...  ...  0 

7  English  wheat  from  finch     ...         ...         ...  ...  2 

8  English  wheat  going  on  drier  from  whizzer  ...  2 

9  English  wheat  leaving  drier  ...  ...  ...  6 

10  Australian  wheat  going  on  drier  from  whizzer     ...  1 

1 1  Austrahan  wheat  leaving  drier        ...          ...          ...  4 

12  American  winter  wheat  from  silo  M.  3      ...         ...  8 

13  Clean^winter  wheat  after  standing  12  hours         ...  4 

14  American  maize  nuts            ...         ...         ...         ...  36 

15  Aspirations  from  wheat  separator 16 

16  Mixed  wheat  going  on  mill  after  standing  12  hours  4 

17  1st  break         2 

18  2nd  break       2 

19  " Dead "  flour  from  second  break  rollers    ...          ...    •  4 

20  Reduction  semolina  A          ...         ...         ...         ...  1 

21  Reduction  semolina  B          ...         ...         ...         ...  12 

22  Reduction  semolina  C           ...         ...         ...         ...  4 

23  Finished  flour            18 
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Case  3.   Sn tuples  collected  from  a  different  Jlour-mill. 


Num 

)cr 

To 

tal 

nurnlwr 

of 

of 

CO 

t)nieH  oil 

suin| 

)lr 

l)( 

\\  iiiUt  wheat  j^dii 

Hcriplioii 

r  from  w  hiz/er 

thi 

fc 

ur  phit4'H 

1 

I 

m  on  drie 

0 

•» 

Winter  wheat  leav 
(Iriiul  Int  break 

inj;  drier 

0 
3 

4 

(jJrind  2n(l  break 

3 

f) 

Break  flour   ... 

I 

() 

Fine  middlings 

2 

7 

vSeniolina 

0 

S 

FiiHHlied  flour 

0 

Case  i.   Samples  of  jlour  taken  from,  a  bakery  where  rope  had  occurred 

in  the  bread. 


Number 

of 
sample 

1 


Description 

Flour  scrapings  from  floor  and  ledges  in 

flour  stores 
Flour  in  bag  attached  to  automatic  mixer 

Flour    adhering    to    canvas    shoot    from 
hopper 

Brnshings  from  outside  ledges  of  a  trough 


5 

Flour  I 

6 

Flour  11 

7 

Flour  III 

8 

Flour  IV 

9 

Flour  V 

10 

Flour  VI 

11 

Flour  VII 

12 

Flour  VIII 

Total  numl>er 
of  eolonies  on 
the  four  plates 

Dominant  type  of 
li.  iTKJiintcricuJi 

610 

A  30  o/o 
B60% 

130 
30 

A  50  %  (and  numerotu 
B  50  %  amall  l>ectle8) 

A  50  % 
B  bO  % 

2000  (about) 

A  30  % 

B30  7o 

B.  sublilis  30  % 

342 

A 

1 

— 

6 

— 

5 

— 

3 

— 

4 

— 

7 

■i— 

7 

— 

In  case  4,  out  of  eight  flours  examined,  seven  were  "sound"'  and  one  was 
found  to  be  heavily  infected  with  B.  mesentericus  type  A.  The  bread,  liowever, 
on  examination  showed  that  the  rope  was  the  alkaline  type  characteristic  of 
B.  mesentericus  type  B.  The  source  of  infection,  therefore,  was  not  primarily 
to  be  traced  to  flour  I  but  to  the  dirty  condition  of  the  bakery,  as  shown  by 
samples  1-4. 


Case  5.  A  second  series  of  samples  from  the  same  bakery  as  case  4. 


Number 

of 
sample 

1 


Description 
Flour  scrapings  from  ledges  in  flour  store 


Brushings  from  the  outside  ledges  of  a 

trough 
Dough  from  flour  of  mixing  room 
Flour  I  (sample  milled  a  week  later  than 

in  case  2) 
Flour  I  (sample  milled  3  days  later  atill) 


Total  number 

of  colonies  on 

Dominant  type  of 

the  four  plates 

B.  TTU'-ficnicrtcus 

800 

A,  B  and  C,  and  nunier« 

OU8  others  not  identi- 

fied 

145 

Ab  above 

100(J 

A,  B,  E,  etc 

114 

A 

u 
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These  examples  show  very  clearly  how  an  iulected  mill  will  clean  itself 
out  during  subsequent  milhngs,  the  three  samples  of  flour  I  showing  degrees 
of  infection  342,  114  and  11,  all  being  milled  within  ten  days  of  each  other. 

6.   Conditions  Controlling  the  Development  of  Hope. 

We  have  shown  that  spores  of  the  Mesentericus  group  are  universally 
present  in  flour  and  bread,  but  their  presence  is  a  matter  of  no  importance 
unless  conditions  are  such  as  to  favour  great  development.  The  five  principal 
factors  concerned  in  such  development  are: 

(i)  Degree  of  infection. 

(ii)  Moisture. 

(iii)  Temperature. 

(iv)  Reaction  of  the  bread. 

(v)  Composition  of  the  flour. 

(i)  Degree  of  infection.  Watkin  (1906)  and  Semler  (1917)  give  instances 
of  occurrence  of  rope  attributable  to  highly  infected  batches  of  flour;  Beattie 
and  Lewis  give  an  instance  where  indirect  evidence  suggested  that  an  increased 
degree  of  infection  was  the  cause  of  an  outbreak.  We  have  had  the  opportunity 
of  examining  the  flour  connected  with  a  serious  outbreak  of  rope  in  a  mihtary 
camp,  and  found  it  very  highly  infected.  In  another  case  where  rope  developed 
in  two  loaves  from  a  certain  baker's  shop,  the  flour  was  not  infected  to  a 
greater  degree  than  the  normal  war-flour  of  the  year  1917.  The  bakery  is 
a  very  reputable  one,  and  both  loaves  came  from  a  batch  of  bread  baked  on 
a  Friday  and  kept  over  a  week-end  during  a  spell  of  very  hot  weather  in  June. 
In  the  instance  of  rope  in  a  bakery  analysed  in  a  previous  section,  it  was  shown 
that  though  an  infected  flour  was  concerned  in  the  outbreak,  the  main  source 
of  trouble  was  the  contamination  of  the  dough  in  the  bakehouse.  This  case 
is  a  good  example  of  how  infection  in  bread  may  come  from  both  internal  and 
external  sources. 

(ii)  Moisture.  The  importance  of  the  moisture  content  of  a  loaf  was  stated 
by  Vogel  and  is  indeed  clearly  recognised  in  the  practice  of  modern  large- 
scale  bakeries  where  the  freshly  drawn  bread  is  placed  on  the  floor  of  the 
store  house  which  is  arranged  with  a  through  draft  to  draw  ofi  the  steam  rising 
from  the  warm  loaves.  In  the  early  days  of  the  enforcement  of  the  24  hour 
bread  order,  the  freshly  baked  bread  was  frequently  stacked  while  hot  and 
steaming  in  the  dehvery  carts,  or  some  other  closed  space  in  order  to  prevent 
loss  of  water  and  to  maintain  the  weight  of  the  loaf.  This  habit  as  may  be 
imagined  led  to  a  considerable  number  of  cases  of  rope.  The  following  experi- 
ment shows  the  influence  of  the  moisture  content  of  the  loaf  on  its  capacity 
to  develop  rope.  A  dough  was  made  in  the  usual  manner  and  divided  into 
portions  each  weighing  one  pound.  After  proving,  the  doughs  were  all  baked 
together  in  a  slow  oven  at  125°  C.  They  were  withdrawn  at  different  times. 
Loaf  III  may  be  considered  a  "normal"  loaf,  loaves  I  and  II  were  under- 
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baked,  loaves  V  and  VI  ovor-bakcid.  After  bilking  and  c-oolin^^  the  loaves  were 
cut  in  two,  and  the  control  halves  were  est i mated  for  reducing  sugars.  Tlie 
other  halves  were  incubated  for  48  hours  in  a  moist  incubatx)r  at  37'^  C.  All 
devel()j)ed  rope  of  t  lie  H  type.  The  reducing  sugars  were  then  e«timated  in  the 
ropy  halves.  I  n  nil  loaves  the  method  of  estimation  was  th(;  same.  Fifty  ^rams 
of  brejid  fioin  the  middle  of  the  loaf  were  extracted  three  or  four  times  with 
boilinji  water.  The  total  volumes  of  the  extracts  was  mad(r  uj)  to  250  c.c.  Kach 
extract  was  mixed  with  500  c.c.  of  alcohol  to  pr(Tij)itate  th(!  dextrins,  allowed 
to  stand  21  hours  and  filtered.  'J^he  alcohol  was  removed  by  distillation  in 
vacuo  and  the  total  again  made  up  to  a  known  volume.  125  c.c.  was  found 
to  be  a  convenient  volume  for  extracts  from  unincubated,  and  250  c.c.  for 
extracts  from  incubated  loaves.  The  results  are  given  in  the  table  below.  The 
sugar  was  estimated  by  Benedict's  method.  The  amount  of  sugar  i>resent  is 
expressed  as  a  percentage  of  the  weight  of  the  uncooked  dough. 


Table 

111. 

Time  of 

Sugar  in 

Sugar  in 

baking, 

Weight, 

control  half, 

ropy  loaf. 

[.oaf 

mins. 

oz. 

/o 

% 

I 

30 

15-5 

11 

6-38 

II 

45 

14-5 

10 

11-8 

III 

60 

13-75 

•9 

9-5 

IV 

75 

12-9 

10 

723 

V 

90 

12-25 

•9 

4  73 

This  experiment  illustrates  two  points:  (1)  that  B.  mesenlericits  does  not 
readily  attack  uncooked  starch,  (2)  the  importance  of  the  moisture  content. 

(iii)  Temperatyre.  Rope  is  essentially  a  warm  weather  trouble  as  is  recorded 
by  Laurent,  Vogel,  Watkin,  etc.  The  outbreak  with  which  we  were  concerned 
was  at  its  height  in  June,  but  cases  continued  to  occur  throughout  the  summer. 

(iv)  Reaction.  The  reaction  of  the  growth  medium  is  well  recognised  as 
having  considerable  influence  on  the  rate  of  growth  of  micro-organisms,  and 
acid  breads  have  been  found  by  all  investigators  of  rope  to  be  immune  from 
the  condition.  An  experiment  was  made  by  adjusting  nutrient  broths  to 
varying  reactions,  to  investigate  the  hmits  of  growth  of  B.  tnesentericus  types 
A-E.  The  broths  were  adjusted  according  to  the  instructions  in  Cole  and 
Onslow's  paper  (1916).  The  results  are  given  in  the  table  below.  0  signifies  no 
growth;  +  very  shght  growth;  +  =  shght  growth;  4-  4-  =  good  growth: 
-I-  -f  -f  =  very  heavy  growth.  The  results  are  taken  from  36-hour  cultures. 


Table  IV. 

T>                     A.  '         — 

Bacillus 

mesenlericus 

A 

type 

Reaction 
of  broth 

r 

A 

B 

c 

I) 

1 

E 

Ph=80 

(+) 

(+) 

(+) 

1+) 

(  +  ) 

7-5 

+ 

+  + 

+ 

+  + 

+ 

70 

+  + 

+  +  + 

+  4- 

+  +  + 

+  + 

6-6 

+  +  + 

+  +  + 

+  +  + 

+  + 

+  +  + 

60 

4-  + 

+  + 

+  + 

0 

-♦-  + 

5-6 

0 

0 

0 

0 

0 

50 

0 

0 

0 

0 

0 
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It  can  be  seen  that  the  optimum  reaction  for  growth  is  Pjj  =  6'5.  This 
unfortunately  coincides  with  the  reaction  of  normal  bread.  The  inhibitory 
reaction  P^^  =  5-5  coincides  with  Jesson-Hansen's  value  for  the  reaction  to 
be  desired  in  a  dough  in  order  to  attain  the  optimum  condition  of  the  gluten. 
It  is,  therefore,  from  both  points  of  view  the  theoretical  ideal  for  bread.  Its 
attainment  in  bakehouse  practice,  however,  presents  difficulties. 

(v)  Composition  of  the  flour.  There  is  a  very  definite  behef  in  the  baking 
trade  that  brown  bread  is  more  liable  to  rope  than  white  bread,  and  much 
circumstantial  evidence  tending  to  confirm  this.  This  difference  might  be  due 
to  a  varying  in  the  degree  of  infection,  the  natural  supposition  being  that 
brown  flour  containing  branny  particles  would  have  a  larger  number  of 
bacteria  than  white  flour  from  the  middle  of  the  wheat  berry,  or  it  might  be 
due  to  the  brown  bread  being  a  more  stimulating  medium  of  growth.  Both 
these  possibihties  were  examined.  Only  one  sample  of  wholemeal  flour  was 
available  at  the  time  the  examinations  were  made.  It  certainly  had  a  high 
degree  of  infection,  180  colonies  developing  on  the  agar  plate  compared  with 
values  varying  from  30  to  70  obtained  from  flour  of  70,  80  and  90  %  extraction. 
The  differences  among  the  latter  were  not  sufficiently  striking  to  have  been 
due  to  anything  but  chance.  The  possible  influence  of  the  different  lengths 
of  extraction  on  growth  was  tested  in  the  following  manner:  100  grams  of 
flour  w^ere  added  to  flasks  containing  250  c.c.  of  sterile  water  and  the  reaction 
was  adjusted  to  be  neutral  to  phenol  red.  The  contents  of  the  flasks  were 
digested  for  four  hours  at  37°  C,  and  then  centrifuged.  Thirty  cubic  centi- 
metres of  the  watery  extract  were  drawn  off  and  sterihsed  by  the  intermittent 
method  at  60°  C,  three  hours'  incubation  at  37°  C.  following  one  hour's 
sterihsation  at  60°  C.  Each  flask  was  inoculated  with  one  loopful  of  a  thin 
emulsion  of  B.  mesentericus  B,  and  incubated.  The  rate  of  growth  was 
estimated  by  making  sub-cultures  at  0,  4,  6  and  8  hours'  incubation.  The 
sub-cultures  were  made  by  inoculating  0-5  c.c.  of  the  experimental  fluid  into 
a  melted  agar  tube  at  45°  C.,  and  pouring  as  a  plate  culture.  A  series  of  figures 
obtained  in  this  way  is  given  below : 

Table  V. 

Primary 
Flour  count  4  hours  6  hours  8  hours 

Wholemeal  450  4,020  25,300                    — 

90  %  extraction  400  2,470  12,300  35,000 

80%          „  336  2,056  9,040  32,100 

80%          „  332  1,900  9,630  28,200 

70%          „  408  672  9,430  24,400 

These  figures  suggest  that  wholemeal  flour  forms  the  best  medium  for 
growth  of  B.  mesentericus,  that  90  %  and  80  %  extraction  flours  are  less 
favourable  for  development,  and  70  %  extraction  flours  are  the  least  favour- 
able of  the  flours  examined.  The  diflierences  between  the  90,  80  and  70  % 
extraction  flours  are  not  great,  but  are  always  of  the  same  order. 
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Summary. 

The  skins  of  <];niins,  all  flours  and  all  bread  contain  bacteria  belonging  to 
the  croup  B.  iucsvntcricjis.  Tho  cultural  (characters  of  six  tyy)e.sof  B.  mpsentericvs 
isolated  from  «^rains  and  flour  are  f^iven.  Five  of  these  were  also  obtained  from 
ropy  (or  sour)  bread.  None  of  these  five  types  can  be  identifi(id  as  corre- 
sponding to  the  organisms  isolated  by  earlier  workers  on  rope.  Rope,  or  sour- 
ness, does  not  result  from  the  presence  of  these  bacteria  unless  conditions  are 
such  as  to  allow  of  great  development.  The  factors  determining  development 
of  rope  in  bread  are  (1)  degree  of  infection,  (2)  moisture,  (3)  temperature, 
(4)  reaction,  and  (5)  composition  of  the  flour. 

A  method  of  estimating  the  degree  of  infection  of  flours  is  given. 
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THE  PREVALENCE  OF  THYROID  ENLARGEMENT 
IN  AND  ABOUT  HEREFORD. 

By  HERBERT  E.  DURHAM,  Sc.D.,  M.B.,  B.C.  (Cantab.),  F.R.C.S.  (Eng.), 

Hereford. 

Under  the  title  of  "The  inference  of  local  degeneracy  from  a  comparison  of 
the  vital  statistics  of  the  people,"  the  late  Dr  C.  S.  Morrison,  Medical  Superin- 
tendent of  the  County  and  City  Asylum,  Hereford,  published  a  somewhat 
alarming  account  of  the  local  conditions  {Journal  of  Mental  Science,  vol.  Liii, 
1907,  p.  795).  After  showing  that  the  mean  quinquennial  rate  of  admissions  to 
the  Asylum  had  risen  from  4-8  per  10,000  inhabitants  in  1871-1875  to  7-0  in 
1891-1895  and  after  a  shght  drop  in  the  succeeding  period  to  7-2  in  1901-1905 
(not  including  boarded-out  patients  in  the  latter  case),  he  proceeds  to  remark 
upon  the  prevalence  of  thyroid  insufficiency.  His  words  may  be  quoted  as 
follows:  "From  records  available,  I  find  that  the  number  has  risen  from 
2-5  %  of  the  admissions  in  1886-1895  to  10-5  %  during  the  decennium 
1896-1905,  and  last  year  we  admitted  3-7  %  males  and  33-5  %  females  with 
goitre.  Allowing  for  any  personal  equation  and  any  fuller  observation  made 
in  the  last  decennium,  the  increase  is  sufficiently  striking  to  be  recorded,  and 
has,  I  think,  an  important  bearing  on  the  issues  of  degeneracy  shortly  com- 
mented on  in  this  paper.  When  we  remember  that  thyroid  insufficiency  is 
associated  with  cretinism  and  myxoedematous  insanity  at  one  end  of  its  evil 
chain,  and  an  enormous  number  of  minor  mental  and  nervous  retrogressions 
at  the  other,  the  evidence  that  thyroid  disease  is  more  prevalent  in  a  com- 
munity than  it  used  to  be,  becomes  one  of  serious  import.  It  comes  as  a 
stranger  within  the  gates  we  should  hke  to  eject!" 

It  was  in  fact  a  matter  of  common  knowledge  that  goitrous  necks  were 
common  in  the  rural  districts  of  parts  of  Herefordshire,  but  latterly  there  is 
evidence  that  the  diseased  condition  has  invaded  the  city  itself.  The  object 
of  this  communication  is  to  call  attention  to  the  seriousness  of  this  invasion. 
It  is  hardly  possible  to  ascertain  by  direct  evidence  when  it  began,  but  some 
suggestion  will  be  made  in  the  following  paragraphs. 

Street  Observations. 

The  introduction  of  the  fashion  of  low  or  open  necks  as  a  part  or  rather 
a  deficiency  of  modern  female  attire  made  it  possible  to  observe  the  condition 
of  the  necks  of  individuals  as  they  passed  one  in  the  street.  From  this  some- 
what casual  mode  of  observation,  one  was  forced  to  the  conclusion  that 
thyroid  enlargement  was  quite  a  common  condition  in  Hereford,  whilst 
similar  appearances  were  rare  or  unseen  in  strolls  through  the  streets  of  towns 
in  other  districts.  Whilst  in  other  places  hardly  a  single  instance  of  thyroid 
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deraiitijonuMit  could  he  observed,  in  a  simihir  tiriK;  in  Hereford  a  dozen  or 
inoic  cases  could  be  counlfMl.  If  soon  hcciimc  apjiarent  that  the  condition  was 
not  oidy  observable  on  nuirket  days,  wlini  llie  town  i.s  filled  with  folk  from 
the  conntryKide,  but  that  tin;  town  dw(dl(;r.s  thciniHelveH  were  allected  in  con- 
siderabh^  ])ro]>()rtion.  In  191(1  the  pictun^was  rat h(;r  bluiTf^d  by  the  irnini^'ration 
of  several  thousand  women,  who  came  to  work  in  th(;  local  shell-iillin^  factory. 

Hecriiit  Examinations.    Distriuution  oi    ini:  Diskasf:. 

It  is  difficult,  nay  hardly  ])OHsible,  to  ^ve  any  tlioroii^di  ;icconnt  of  the 
retjjions  which  are  most  aiTected  in  the  locality.  A  medical  practitioner  of  the 
nei<Thbouring  town  of  Leominster,  when  questioned  on  the  subject  replied 
that  "every  other  girl,  you  saw  there,  had  a  large  thyroid";  and  this  though 
no  doubt  somewliat  of  fa<^on  de  fnrlcr  shows  that  the  condition  is  widcdy 
spread  there.  The  medical  examination  for  r(M'ruiting,  with  which  I  was  for 
a  time  engaged,  afforded  an  opportunity  for  obtaining  more  information  on 
the  subject;  though  of  course  from  piecemeal  material  it  is  impossible  to 
base  any  proportion  to  ])opulation.  The  "rake-over"  of  re-examinees  in  the 
early  part  of  1918  mostly  produced  very  poor  types  of  manhood;  on  some 
days  I  counted  as  many  as  1  in  8,  1  in  10  and  1  in  II  individuals  with  marked 
thyroid  enlargement.  Questions  were  put  to  ascertain  that  the  condition  had 
not  been  acquired  elsewhere,  and  only  in  one  case  did  it  appear  that  the 
disease  was  of  extra-comital  origin — a  lad  from  Derbyshire  in  whom  it  was 
a  "family  condition."  It  is  generally  accepted  that  thyroid  derangement  is 
far  more  common  amongst  women  than  men,  so  that  these  large  proportions 
amongst  the  male  sex  are  of  considerable  significance.  One  gained  the  impres- 
sion that  it  was  especially  from  the  northern  and  western  parts  of  the  county 
that  the  cases  were  domiciled;  it  was  only  after  a  considerable  number  of 
cases  had  passed  through  that  one  single  one  was  recorded  from  the  Ross 
district,  and  he  asserted  that  he  had  always  lived  there. 

City  cases. 

Eventually  two  lads  were  presented  who  gave  clear  accounts  that  the 
enlargements  they  had  had  been  acquired  and  developed  during  residence 
in  the  city,  which  is  confirmatory  of  the  conclusion  that  many  of  the  numbers 
of  quite  young  affected  girls  that  one  sees  in  the  city  have  acquired  their 
derangement  whilst  domiciled  there.  One  of  these  two  lads  of  18  years 
definitely  stated  that  he  had  Uved  all  his  hfe  in  the  city  and  that  the  swelling 
in  the  neck  had  appeared  two  years  before  (i.e.  in  1916).  The  other  also  gave 
a  history  of  continued  residence  in  the  city  but  could  not  give  any  date  for 
the  onset  of  the  enlargement,  a  question  which  is  of  interest  in  connexion 
with  changes  in  the  water-supply.  It  is  possible  that  a  certain  amount  of 
statistical  knowledge  might  be  excerpted  from  th^.-  medical  history  sheets  of 
the  recruits,  but  unless  special  attention  happened  to  have  been  given  to 
the  matter  the  records  could  hardly  yield  a  true  maximum. 
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Causation. 

Tradition  has  associated  a  causal  connexion  between  goitre  and  water 
supply.  Later  and  more  stringent  observations  have  tended  to  establish  such 
a  relationship.  Earlier  observers  thought  that  "hardness"  of  the  potable 
water-supply  had  its  influence  or  at  any  rate  that  some  mineral  constituent 
was  the  cause;  later  the  theory  was  started  that  some  bacterial  influence  was 
at  work,  and  after  being  under  a  cloud  for  many  years,  the  bacterial  theory 
has  been  revived  notably  through  the  work  of  R.  McCarrison  (Etiology  of 
Endemic  Goitre,  Milroy  Lectures,  Bale,  Daniellson,  Ltd.,  London,  1913,  and 
The  Thyroid  Gland,  Bailhere,  Tindall  and  Cox,  London,  1917).  It  has  been 
adequately  proved  that  boihng  the  water,  if  thoroughly  done,  renders  it 
innocuous;  it  has  also  been  shown  that  filtration  through  an  unglazed  porcelain 
filter  hkewise  removes  the  noxa,  which  indeed  may  be  demonstrable  in  the 
residue  removed  by  the  filter;  less  effective  filtering  agents  such  as  the 
Berkefeld  diatomaceous  filters  are  not  able  to  hold  back  the  active  agent, 
which  also  is  unable  to  pass  a  dialysing  membrane.  Injurious  water  has 
been  rendered  harmless  by  antiseptics  such  as  Hydrogen  peroxide.  These 
facts  point  to  the  conclusion  that  there  is  either  a  contagium  vivum  or  some 
chemical  body  which  is  sensitive  to,  or  destroyed  by,  these  detoxicating 
means.  Three  theses  may  be  staged  that  goitre  is  caused:  (1)  by  some  mineral 
agency  in  the  water,  (2)  by  some  bacterial  agency  through  pollution  of  the 
source,  (3)  by  the  combined  action  of  these  two  agencies. 

From  the  fact  that  removal  to  another  district  in  which  the  disease  is 
not  endemic  leads  to  recovery,  it  may  be  concluded  that  the  supposed  Uving 
virus  cannot  have  great  power  of  survival  within  the  body;  the  same  may  be 
said  of  recovery  during  continuance  of  domicile  in  the  dangerous  area,  care 
being  taken  to  drink  boiled  water  only  (cases  of  both  sorts  have  come  to  my 
knowledge  locally). 

Mineral  agencies  in  the  water. 

It  is  quite  clear  that  mere  "hardness"  of  water,  that  is  an  undue  content 
of  calcium  and  magnesium  compounds,  cannot  in  itself  be  the  direct  cause.  It 
may  however  be  stated  that  the  water  of  the  countryside  wells  is  highly 
charged  with  these  two  elements.  Thus  a  well  water  I  examined  in  1908  and 
again  in  1912  showed: 

Alkalinity  to  methyl  orange  5-6  to  4-75  c.c.  N/l  acid  per  litre 
Calcium  (as  CaO)  "temporary"         0-133  per  litre 
„  „         "permanent"        0057 

total  0190 
(another  observation  0198) 

Magnesia  (as  MgO)  "temporary"      0008 
„        "permanent"      00048 


total  00128 
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PotaHHiiiiii   and   sddiitiii 


(coijilmu'd  clilondcs)  \ 
Sulplmtcs  (as  H.SO,)  ()(Hi7 

("hl(.nd(>s  (as  ("I)  OO."?! 

Jii  IDTJ  the  town  service  water,  during.'  use  of  the  oM  filter  Ijeds,  gave: 

AlUaliiiily  ...  ...  ...  Itcc;.  A'/l  [xilitic 

Total  CaO  0()r>r>4 

Total  AlirO  ()•()()();"> 

ILSO, OOlOo 

111  19(KS,  soon  cil'ter  Dr  Morrison  drew  attention  to  tJie  matter,  I  made 
some  endeavours  to  determine  whether  some  other  constituent  might  have 
escaped  attention  such  as  strontium,  l)ut  hmitation  in  facilities  precluded  any 
satisfactory  concentration  of  fiiictions  from  so  large  a  quantity  of  lime.  In 
regard  to  other  metals,  it  may  be  noted  that  the  Old  Red  Sandstone  soils 
of  the  neighbourhood  contain  easily  demonstrable  amounts  of  manganese  and 
titanium. 

Let  us  now  turn  from  the  kations  to  the  anions.  The  importance  of  the 
thyroid  in  relation  to  the  iodine  metabolism  of  the  body  has  long  been  recog- 
nised, and  it  is  not  impossible  that  other  halogen  elements  may  also  be  dealt 
with  therein,  perhaps  at  the  expense  of  the  iodine.  Chlorine  may  be  put  on 
one  side  and  perhaps  also  bromine,  for  prolonged  administrations  of  bromides 
have  not  evoked  any  remark  concerning  thyroid  derangement.  Fluorine  is 
left  for  consideration,  and  gives  rise  to  some  points  of  interest.  It  appears 
to  be  many  years  since  any  thought  of  connexion  between  fluorides  and  goitre 
has  been  entertained;  on  searching  the  hterature  I  find  that  Rabuteau  (Paris, 
Bailhere,  1867,  8vo.,  p.  144)  w^as  quite  assertive  on  the  subject.  Nickles 
(Comptes  Rendus  Acad.  Sci.  1857)  stated  that  all  waters  containing  dissolved 
bicarbonate  of  hme  also  contained  fluorides  of  calcium;  Repin  (quoted  by 
McCarrison)  stated  that  all  goitrous  waters  were  heavily  charged  with  carbonic 
acid.  Hitherto  the  chief  attention  in  regard  to  fluorides  has  been  centred  on 
the  bones  and  teeth.  Rabuteau  gives  the  following  distribution  of  goitre  in 
or  about  1866,  which  perhaps  is  worth  reproducing  as  the  work  is  probably 
not  to  be  found  in  every  hbrary  (the  Roy.  Coll.  Surgeons,  London,  England, 
possesses  it). 

Estimated  goitrous  persons  per  100,000: 


Coted'Or 

55 

Bas  Rhin 

164 

Mame       

70 

Haut  Rhin 

288 

S.-et-Oise 

4(j 

Vosgcs   ... 

410 

JS.  -et.-Mame 

37 

Ariegc    ... 

734 

S.-Inferieurc 

33 

Hautcs  Alpes    ... 

951 

Seine 

7 

Beyond  insisting  on  the  high  content  of  fluoride  in  the  waters  of  Contrexe- 
ville,  he  does  not  carry  the  matter  to  the  extent  of  giving  the  abundance  of 
the  compounds  of  fluorine  in  the  other  regions.  Much  importance  is  credited 
to  an  experiment  by  Maumene  on  a  bitch  which  was  given  doses  of  fluoride 
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of  potash  for  five  months  and  which  three  years  later  still  had  an  enlarged 
thyroid;  the  story  is  not  quite  clear,  for  the  dog  was  apparently  lost  for  a  time, 
moreover  no  detailed  examination  of  the  organ  appears  to  have  been  made. 

Brandl  and  Tappeiner  {Zeitschr.  f.  Biologie,  N.S.  vol.  x,  p.  518,  1891) 
made  a  number  of  detailed  observations  on  a  dog  which  received  large  doses 
of  sodium  fluoride  over  a  period  of  eight  months,  but  unfortunately  no 
attention  was  paid  to  the  thyroid  or  associated  glands  in  their  elaborate 
analyses.  Abegg  (Handhuch.  d.  anorgan.  Chemie,  iv,  p.  25,  1913)  quotes 
observations  on  cattle  which  had  fed  upon  the  sludge  from  spirit  factories, 
in  which  fluorides  were  used  as  yeast  purifiers,  but  attention  appears  only  to 
have  been  paid  to  the  derangements  in  the  bones. 

On  the  other  hand,  McCarrison  states  that  hydrofluoric  acid  has  been 
administered  with  satisfactory  results  as  a  remedial  agent. 

The  amount  of  attention  which  has  been  given  to  fluorides  is  perhaps 
exemphfied  by  their  entire  omission  in  the  toxicologies  of  Dixon  Mann, 
Wvnter  Blyth,  and  Taylor;  Robert  gives  a  few  paragraphs  on  the  subject. 
The  question  whether  fluorides  or  silicofluorides  have  any  share  in  disturbing 
the  normal  course  of  the  thyroid  would  appear  to  be  unanswerable  at  present 
though  it  might  well  form  a  field  for  enquiry. 

The  Water-Supply  of  Hereford. 

It  is  laid  down  by  McCarrison  that  a  polluted  water-supply  and  possibly 
contact  with  polluted  soil,  form  the  means  whereby  goitre  is  acquired  and 
spread.  Since  some  indubitably,  and  many  probably,  city-acquired  cases  of 
thyroid  enlargement  have  occurred,  the  question  of  the  water-supply  becomes 
one  of  importance,  and  may  be  dealt  with  both  from  the  mineral  and  bacterial 
standpoint.  So  far  as  can  be  ascertained  the  disease  used  not  to  arise  within 
the  city,  and  it  is  only  in  the  last  few  years  that  it  has  done  so.  The  water 
has  always  been  pumped  up  from  the  river  Wye  into  storage  tanks  whence 
it  passes  through  filter  beds  of  gravel.  At  Hay,  especially,  and  no  doubt  here 
and  there  on  its  course,  the  river  is  hable  to  pollution  from  the  riparian 
inhabitants.  Here  it  may  be  noted  that  Hereford  is  remarkably  free  from 
typhoid  fever  and  that  the  few  cases  which  have  been  treated  there  have 
always  been  importations  from  without;  so  that  one  fine  of  evidence  of 
pollution  is  absent. 

In  this  connexion,  I  understand,  some  years  ago  action  was  contemplated 
with  the  view  of  putting  restraint  on  the  Hay  authorities,  but  nothing  so  far 
has  been  done.  As  a  matter  of  history  rather  than  as  an  argument  in  the 
discussion,  it  may  be  mentioned  that  Hereford  has  enjoyed  the  reputation 
of  having  escaped,  when  other  places  were  ravaged  by  cholera;  on  the  one 
hand  the  water-supply  in  those  days  must  have  been  rather  different  in 
character  to  that  now  obtaining,  and  on  the  other,  the  escape  might  be 
expHcable  on  the  same  idea  that  was  given  to  account  for  the  freedom  of 
Versailles  from  the  disease  when  SanarelU  found  water  vibrios  in  the  Versailles 
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water,  wliicli  closely  rcs(',inl)l(Ml  the  tnio  eholcra  vibrio,  and  .suf^'gestod  specific 
inimiinisation.  AiK)th(^r\  hut  teni])oniry,  chance  of  pollution  would  have 
undoubtedly  occurred  iroin  the  workmen  during  the  erection  oi  the  new 
filter  beds. 

Filtration.  The  old  filter  beds  which  were  in  aetion  previously  to  1911 
were  quite  incapable  of  dealing  with  the  amount  of  water  which  modern 
consum})tion  entailed.  The  filtration  and  setthng  were  quite  perfunctory,  thus 
entomostraca  and  ctenodril  worms  were  frequently  to  be  found  in  tlie  service 
water;  and  I  observed  that  a  Doulton  filter  on  a  service  tap  re((uired  cleansing 
every  few  days  from  the  sludge  which  collected  in  order  to  get  a  normal  flow 
from  it.  The  filtration  material  consisted  of  the  local  gravels,  but  the  output 
was  far  too  great  to  allow  any  prolonged  contact  with  the  material. 

The  new  filter  beds  which  were  installed  in  1911  allow  of  more  complete 
filtration  and  setthng;  at  the  same  time  they  afford  more  opportunity  for 
contact  with  and  dissolution  from  the  filtration  material,  which  as  heretofore 
consists  of  the  local  gravels.  So  that  we  have  the  two  propositions,  (1)  better 
anti-bacterial  filtration  and  (2)  onset  of  thyroid  derangement  becoming  con- 
comitant. If  it  is  assumed  that  some  mineral  constituent,  which  might  be 
absorbed  from  the  local  gravels,  is  the  cause  or  an  adjuvant  factor  of  the 
thyroid  trouble,  it  might  be  inferred  that  the  present  treatment  of  the  river 
water  results  in  making  it  similar  to  the  rural  well  waters  by  affording  closer 
and  longer  contact  with  the  local  gravels.  Two  other  differences  may  also 
be  noted  in  respect  to  the  changes:  (1)  that,  as  the  river  water  was  found  to 
be  slightly  plumbisolvent,  an  artificial  addition  is  made  to  increase  its  hme 
hardness,  and  (2)  an  electrically  driven  pumping  mechanism  has  been  installed. 
It  is  hardly  hkely  that  either  of  these  alterations  would  have  the  undesirable 
effect. 

In  respect  to  pollution  of  the  water  as  the  cause  of  the  goitre,  there  is  the 
contradictory  condition  of  less  probabihty  of  pollution  associated  with  ap- 
parently higher  incidence  of  the  disease.  The  evidence  that  has  been  put 
forward  of  the  successful  results  of  the  use  ot  autogenous  vaccines  is  not  at 
all  conclusive  for  it  can  hardly  be  maintained  that  such  widely  different 
organisms  as  Staphylococci,  spore  bearing  and  "colon"  bacilh  could  have  one 
and  the  same  specific  effect;  supposing  that  some  other  fallacy  in  observation 
may  not  have  been  toward,  it  would  have  to  be  inferred  that  the  vaccines 
were  contaminated  by  some  unrecognised  specific  agent,  which  McCarrison 
believes  to  be  an  anaerobic  bacillus. 

Perhaps  it  might  be  well  to  contemplate  the  possibihty  of  interaction 
between  pollution  and  mineral  constituents.  By  means  of  bacterial  action 
insoluble  substances  in  the  soil  may  be  brought  to  a  soluble  form.  Thus 
some  experiments  in  which  fresh  soil,  to  which  carbohydrate  (sugar  or  starch) 
was  added  and  then  allowed  to  ferment  by  the  aid  of  its  own  bacteria,  showed 
notably  more  (three-fold  to  five-fold)  soluble  potash,  sihca  and  phosphoric  acid 
than  did  the  fresli  untreated  soil.    (Carbohydrate  manuring  and  the  rubbish 
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heap,  H.E.D.,  Uardeners  Chronicle,  1919,  p.  91.)  Thus  it  in  probable  that 
bacterial  pollution  may  aftect  the  dissolved  mineral  constituents  of  the  water 
proceeding  from  a  given  soil. 

Period  of  Exposure  to  the  Causative  Noxa. 

In  experimental  endeavours  to  produce  thyroid  enlargement  positive 
results  have  been  noted  in  comparatively  short  periods;  thus  McCarrison 
observed  enlargement  in  goats  after  (J4  days'  exposure  to  water  filtered  through 
contaminated  earth.  In  the  case  of  naturally  acquired  trouble  probably  the 
period  between  exposure  and  apparent  onset  would  be  much  longer.  So  far  as 
concerns  Hereford,  since  the  date  of  the  first  appearance  of  the  goitre  in  the 
city  is  not  know^able,  it  is  hardly  possible  to  make  any  assumption  as  to  the 
probable  period.  Taking  the  case  of  the  recruit  (cited  above)  and  supposing 
that  the  alterations  in  the  water-supply  were  the  origin  of  his  trouble  and  that 
the  ensuing  changes  in  its  constitution  were  continuously  exhibited,  it  would 
appear  that  the  exposure  from  1911  to  1916  had  been  necessary  to  evoke 
the  visible  thyroid  enlargement;  naturally,  however,  changes  would  have  been 
going  on  long  before  any  visual  efi'ect  had  become  manifest.  McCarrison 
insists  on  changes  in  the  finer  anatomy  of  the  organ  without  gross  hypertrophy. 
Again  it  must  not  be  lost  to  sight  that  during  and  since  the  war  period  there 
may  have  been  some  increase  of  susceptibihty  through  limitations  and 
alterations  in  the  dietary.  And  such  influence  may  have  been  both  direct  in 
affecting  the  actual  nature  and  variety  of  food,  and  indirect  in  regard  to  the 
economies  in  fuel  in  its  preparation,  here,  particularly,  for  instance  in  the 
making  of  tea  the  water  may  have  not  undergone  so  nmch  boiling  as  in  former 
times. 

Susceptibility. 

In  any  epidemic  or  endemic  condition  perhaps  the  most  interesting  part  is 
the  consideration  of  the  reason  why  some  individuals,  though  apparently 
equally  exposed,  escape  disease  altogether  or  only  suffer  in  minor  degree.  In 
the  case  of  bacterial  infections,  much  can  be  explained  by  unsuspected  specific 
immunity,  and  in  some  other  conditions  we  now  know  that  extraordinarily 
minute  quantities  of  certain  nutritional  factors  are  able  to  produce  gross 
effects;  thus  in  beri-beri  tiny  quantities  of  certain  constituents  of  the  diet 
are  able  to  make  the  nerves  resist  the  unknown  neurotropic  poison,  which 
the  WTiter  beheves  will  eventually  prove  to  be  of  bacterial  origin. 

In  regard  to  the  question  of  thyroid  derangement,  if  the  theory  of  an 
absorption  of  products  from  the  intestine  holds  sway,  the  nature  of  the 
bacterial  floral  of  the  intestinal  contents  of  a  given  individual  may  happen 
to  be  of  prime  importance  whether  in  the  direction  of  refractoriness  or  of 
susceptibihty;  also  the  good  functioning  of  such  organs  as  are  ordinarily 
concerned  in  the  destruction  or  elimination  of  nocuous  absorbed  products, 
and  thereby  shelter  or  expose  the  thyroid  to  undue  extent.  Whilst  this  latter 


H.  K.  DuiuiAM  401 

tlu'sis  will  also  «ij)])ly  to  a  iiiitKiral  caiisitt i(»n  of  the  ;^oitr(%  (juitc  as  a  fantastic 
chain  one  nii^Hit  ])ut  down:  (1)  the  thyroid  has  been  tliou^ht  to  be  concerned 
witli  the  calciu!n  nietaboiisni;  (2)  fluorides  act  as  secondary  protoplasmic 
poisons  as  decalciliers  and  thus  n))set  the  (calcium  balance.  IWt  of  course  the 
evidence  is  too  flimsy  to  use  this  more  (lian  as  an  illustration  hyj>othetically. 
Whilst  environment  is  directly  concerned,  heredity  may  [)lay  an  indirect 
])art  in  the  assumption  of  an  absorption  from  the  colon;  a  somatic  inheritance 
of  certain  coils  or  disposition  of  <jjut  or  m(^sontery  mi^ht  make  some  individuals 
more  susce])tible  to  delayed  movement  and  cons(;quent  greater  absor})tion. 

Biological  Aspect. 

Perhaps  one  of  the  more  interesting  aspects  of  the  matter  is  the  biological 
one.  (Joitrous  conditions  whilst  not  necessarily  going  to  the  extreme  of  cretin 
production,  are  hkely  to  have  an  effect  on  the  mental  development  of  the 
succeeding  generation,  and  one  would  have  thought  that  nature  would  pre- 
scribe some  attempt  at  concealment  where  such  a  condition  existed.  However 
it  would  seem  that  fashion  in  dress  is  more  potent,  and  leads  the  female 
population  to  expose  their  deficiency  to  the  view. 

Conclusion. 

There  are  indications  that  the  progressive  increase  of  goitrous  conditions, 
which  Dr  Morrison  recorded  in  the  country  districts,  has  reached  the  city  of 
Hereford.  There  is  therefore  a  strong  case  for  advocating  an  exhaustive 
investigation  into  the  causes  of  the  malady  by  enquiring  into  the  local  con- 
ditions so  that  a  more  generahsed  endemicity  may  be  avoided.  Already  the 
county  is  in  no  enviable  state  in  regard  to  its  lunacy  statistics,  and  unless 
some  active  remedial  steps  are  taken  without  undue  delay  the  outlook 
engenders  pessimism. 
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